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ABSTRACT 


This  thesis  analyzes  the  Navy's  procurement  contract  termination  model,  the  math¬ 
ematical  mode)  on  which  the  Navy's  Inventory  Control  Points  will  rely  to  determine 
whether  to  terminate  procurement  actions  on  items  in  long  supply.  The  analysis  focuses 
on  which  costs  are  relevant  to  the  model  and  which  costs  are  irrelevant.  Suggestions  for 
improvement  are  offered  which  include  both  eliminating  irrelevant  costs  considered  by 
the  model  and  adding  relevant  costs  not  considered.  Finally,  the  thesis  evaluates  the 
model's  recommendations  for  terminations  over  a  range  of  values  of  key  model  param¬ 
eters  to  determine  which  parameters  have  the  most  impact  on  the  model's  decisions. 
Then  it  recommends  further  research  in  determining  more  precise  values  for  those  pa¬ 
rameters  with  the  largest  eiTect  on  the  model's  decisions. 
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INTRODUCTION 


A.  BACKGROUND 

The  Navy's  Inventory  Coniiol  Points  (ICPs),  the  Ships'  Parts  Control  Center 
(SPCC)  and  the  Aviation  Supply  Oflice  (ASO),  rely  on  mathematical  forecasting  models 
to  forecast  demand  for  spare  parts.  The  forecasts  enable  them  to  let  procurement  con¬ 
tracts  with  lead  times  as  long  as  three  years  for  the  number  of  spares  required  at  the  end 
of  the  lead  time  period.  Unfortunately,  for  various  reasons,  these  forecasts  are  fre¬ 
quently  incorrect,  either  overstating  or  understating  the  spares  requirement  at  the  end 
of  the  lead  time  period.  When  the  requirement  is  overstated,  the  item  is  said  to  be  in 
"long  supply."  An  ICP  has  two  basic  options  for  items  in  long  supply:  1)  continue  the 
procurement  contract  in  effect  and  accept  the  costs  associated  with  being  overstocked 
(such  as  storage  and  obsolescence  costs)  or  2)  cancel  (terminate)  the  contract  and  accept 
the  costs  associated  with  cancellation  (such  as  contractor  termination  fees  and  the  ad¬ 
ministrative  costs  of  letting  a  new  contract  sometime  in  the  future).  To  make  a  good 
decision  on  whether  or  not  to  terminate  a  contract,  decision  makers  at  the  ICPs  must 
be  able  to  consider  and  compare  all  relevant  costs  and  choose  the  least-cost  alternative. 

The  problem  of  deciding  whether  or  not  to  terminate  a  contract  has  been  with  the 
Department  of  Defense  (DOD)  for  many  years.  A  Naval  Postgraduate  School  .Master's 
Thesis  done  by  Gaiy  Chapman  [Ref  1:  pp.  8-26J  gives  an  excellent  review  of  the  history 
of  DOD  (including  U.S.  Navj')  contract  terminations  through  June,  1988.  As 
Chapman's  thesis  shows,  for  years  prior  to  1988,  Government  auditors  had  identified  the 
need  for  cost-effective  contract  termination  criteria.  But  even  more  recently,  both  the 
Department  of  Defense  Inspector  General  (DODIG)  and  the  General  Accounting  Office 
(GAO)  have  been  critical  of  the  militarv’  services'  (particularly  the  Army's  and  Navy's) 
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failure  to  cost-effectively  terminate  procurement  contracts  for  secondary  items  in  long 
supply.  A  recent  DODIG  audit  report  faulted  the  services  in  three  areas: 

1.  Item  Managers  did  not  accurately  quantify  the  value  of  excess 
on'-order  assets  before  making  termination  decisions.  [  Ref.  2:  p.  7  ] 

2.  Managers  .  .  .  made  uneconomical  termination  decisions  because 
they  did  not  have  policies  and  procedures  that  specified  how  to  make 
those  decisions.  As  a  result  of  [  these  ]  decisions,  the  inventory 
control  points  could  incur  $121.9  million  a  year  in  unnecessary 
expenditures.  In  addition,  we  concluded  that  the  item  managers  at 
Navy's  Aviation  Supply  Office  established  a  dollar  threshold  for 
termination  reviews  that  eliminated  the  on-order  assets  from 
termination  considerations.  [  Ref.  2:  p.  13  ] 

3.  [  The  ICPs  ]  did  not  take  advantage  of  the  opportunities 

[  to  use  material  from  terminated  contracts  as  Government -furnished 
material  ]  due  to  the  lack  of  policies  and  procedures  requiring  excess 
on-order  assets  to  be  used  as  Government -furnished  material. 

[  Ref.  2:  p.  31  ] 

The  DODIG  estimated  as  a  result  of  this  audit,  in  which  the  Aviation  Supply  OfTice 
(ASO)  was  the  only  Na\T  ICP  audited,  that  ASO  alone  could  realize  almost  S50  million 
in  recurring  benefits  and  almost  SI 35  million  in  one-time  benefits.  [Ref  2:  p.  v.].  Fur¬ 
thermore,  Chapman,  in  his  thesis,  reported  that  past  audits  of  DOD  components  had 
identified  potential  savings  of  an>-v^'here  from  S20  million  in  1957  [Ref  1:  p.  9]  to  almost 
S30  billion  in  1987  [Ref  1:  p.  24]  if  contracts  had  been  terminated  for  material  in  excess 
of  requirements.  And  while  there  are  many  legitimate  reasons  why  an  ICP  might  want 
to  keep  material  in  excess  of  requirements-Chapman  names  eight  reasons,  some  legiti- 
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mate  and  some  not--as  indicated  above,  recent  DODIG  and  GAO  auditors  think  that 
at  least  some  contracts  should  be  terminated  that  are  not  now  (and  vice  versa.) 

-  In  the  past,  the  services  have  terminated  contracts  using  rules  and  policies  that  were 

somewhat  arbitrary  at  best.  The  primary  termination  criteria  hav’  been  monetary 
thresholds  ranging  from  550,000  {Ref.  3:  p.  12]  to  5170,700  [Ref.  2:  p.  14).  Below  these 
thresholds,  contracts  were  not  considered  for  termination,  causing  uneconomical  deci¬ 
sions  (see  finding  2  in  the  above  audit.)  DODIG  auditors  recommended  as  a  result  of 
findings  1  and  2  in  the  above  audit  (finding  3  will  be  addressed  in  Chapter  III)  that  the 
I  CPs  initiate  the  following  corrective  actions: 

1.  ...  we  recommend  that  the  Commander  (sic),  Aviation  Supply  Office, 
establish  training  programs  that  instruct  item  managers  and  their 
supervisors  on  the  criteria  that  they  should  use  to  evaluate,  review,  and 

V  approve  validations  of  excess  on-order  asset  positions.  [  Ref.  2:  p.  10  ] 

2.  ...  we  recommend  that  the  Commander,  Naval  Supply  Systems  Command: 
provide  specific  guidance  to  Navy  contracting  officers  describing  how  to 
accomplish  and  document  cost  comparison  analyses  necessary  for 
termination  decisions.  [  Ref.  2:  p.  22  ] 

B.  OBJECTIVES 

To  implement  these  findings  (and  many  other,  similar  findings  from  previous  audits), 
the  Naval  Supply  Systems  Command  (XAVSUP)  Operations  Research  Group  (Code 
04E)  has  developed  the  Procurement  Contract  Termination  Model  (PCT.M)  [Ref  4: 
pp.  1-2],  which  is  currently  being  implemented  by  SPCC  and  programmed  by  the  Fleet 
.Material  Support  Office.  NAVSUP  operations  researchers  intend  the  PCTM  to  consider 
all  costs  associated  with  both  contract  termination  and  continuation  and  quantify  them 
as  a  decision  aid  for  the  ICP's  item  managers.  With  millions  of  debars  potentially  riding 
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on  its  decisions,  it  is  important  that  the  NAVSUP  PCTM  give  the  most  correct  results 
possible.  To  accomplish  this,  the  model  must  be  able  to  do  three  things: 

1.  Include  all  costs  relevant  to  a  contract  termination. 

2.  Exclude  any  costs  not  relevant  to  a  contract  termination. 

3.  Correctly  quantify  important  independent  decision  parameters,  such 
as  obsolescence  rate,  interest  rate,  inflation  rate,  storage  cost  rate, 
and  administrative  costs. 

The  objectives  of  this  thesis  are  as  follows: 

1.  To  analyze  the  NAVSUP  PCTM  and  determine  which  costs  belong  in 
the  model  and  which  costs  do  not  belong. 

2.  Based  on  this  analysis,  to  suggest  changes  to  the  current  model  that 
will  improve  the  accuracy  of  the  model's  termination  decisions. 

3.  To  analyze  which  costs  have  the  most  impact  on  making  a  correct 
decision  and  which  are  relatively  minor. 

4.  Based  on  this  analysis,  to  suggest  which  costs  deserve  priority  in 
future  research  to  further  enhance  the  model's  accuracy. 

Accomplishmem  of  these  objectives  will  enable  operations  researchers  at  NAVSUP 
to  improve  their  PCTM  so  that  it  will  provide  a  more  accurate  analysis  of  the  costs  in¬ 
volved  in  terminating  a  contract.  In  turn,  a  more  accurate  model  should  enable  the  U.S. 
N'aw  to  realize  a  substantial  proportion  of  the  potential  savings  identified  by  DOD  and 
GAO  auditors  by  improving  the  contract  termination  decisions  of  its  inventory  manag¬ 
ers  and  contracting  officers. 
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C.  ORGANIZATION 


To  achieve  these  objeoives,  tliis  thesis  is  organized  into  four  additional  chapters. 

Chapter  II  analyzes  the  current  XAVSUP  PCTM  using  the  principles  of  economic 
analysis  and  inventory  management  to  determine  whether  the  costs  included  in  the 
model  are  relevant  or  not.  Costs  found  not  to  be  relevant  are  recommended  for  deletion 
from  the  model. 

Chapter  111  analyzes  certain  costs  not  included  in  the  current  NAVSUP  PCTM  to 
determine  their  relevance.  Such  costs  found  to  be  relevant  are  recommended  for  inclu¬ 
sion  in  the  model. 

Chapter  IV  analyzes  the  sensitivity  of  the  model  to  variations  in  those  key  PCT.M 
parameters  on  the  following  list  which  are  still  recommended  for  inclusion  in  the  im¬ 
proved  model:  interest  rate,  storage  cost  rate,  obsolescence  rate,  inflation  rate,  con¬ 
tractor  termination  fees,  and  administrative  costs.  Further  research  on  those  parameters 
which  have  the  largest  impact  on  the  model's  decisions  is  then  recommended. 

Chapter  is  a  summaiy  of  the  flndings  with  conclusions  and  recommendations,  in¬ 
cluding  recommendations  of  areas  for  future  research. 


II.  THE  PROPOSED  MODEL  -  AN  ANALYSIS 


A.  THE  PROPOSED  MODEL 

1.  Background 

As  mentioned  in  Chapter  I,  the  Naval  Supply  Systems  Command  (NAVSUP) 
Operations  Research  Group  (Code  04E)  has  developed  the  Procurement  Contract  Ter¬ 
mination  Model  (PCTM)  to  optimize  contract  termination  decisions  made  by  NAVSUP 
Inventor}'  Control  Points  (ICPs.)  The  PCTM  includes  three  costs  to  continue  and  three 
costs  to  terminate  a  contract  which  the  NAVSUP  operations  researchers  considered 
both  relevant  and  important  to  the  termination  decision  and  quantifiable  for  inclusion 
in  a  mathematical  model. 

The  PCTM  considers  the  following  costs  to  continue  a  contract,  which  are  a 
subset  of  the  category  of  cost  usually  known  as  "holding  costs"  [Ref.  5:  p.  14); 

1.  The  "capital  cost",  which  "...reflects  lost  earning  power  or 
opportunity  cost.  If  the  funds  were  invested  elsewhere,  a  return  on 
investment  would  be  expected.  Capital  cost  is  a  charge  that  accounts 
for  this  ur.received  return".  [  Ref.  5:  p.  14  ] 

2.  The  "shrinkage  cost",  which  is  defined  as  "...the  decrease  in 
inventory  quantities  over  time  from  loss  or  theft".  [  Ref.  5:  p.  14  ] 

3.  The  "obsolescence  cost",  which  reflects  "...the  risk  that  an  item 
will  lose  value  because  of  shifts  in  style  or  consumer  preference"  (In 
the  case  of  the  U.  S,  Navy,  "shifts  in  style  or  consmner  preference"  are 
better  characterized  as  advances  in  technology  or  as  changes  in  doctrine 
prompted  by  responses  to  the  Soviet  threat,  either  one  of  which  can  render 
items  in  the  supply  system  obsolete  for  their  intended  use;  however,  the 
principles  suggested  by  Tersine  still  apply).  [  Ref.  5;  p.  14  ] 
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"The  usual  simplifying  assumption  made  in  inventory  management  is  that  holding  costs 
are  proportional  to  the  size  of  the  inventory'  investment"  [Ref.  5:  p.  14). 

The  PCTM  considers  the  following  costs  to  terminate  a  contract: 

1.  The  contractor's  termination  fee  (CTF),  the  fee  negotiated 
between  the  contractor  and  the  government  to  reimburse  the  contractor 
for  any  work  already  performed.  The  CTF  has  no  real  analogue  in  the 
standard  inventory  model. 

2.  The  administrative  cost  (ADM),  the  cost  to  remake  the 

contract  once  the  material  becomes  required  again.  The  ADM  is  analagous 
to  the  "order  cost"  in  the  standard  inventory  model  that  must  be  paid 
for  the  next  order  placed.  [  Ref.  5:  p.  14  ] 

3.  The  inflation  cost,  the  cost  to  order  the  new  material  added  by  the 
general  inflation  rate.  This  cost  has  no  analogue  anywhere. 

No  other  costs  to  continue  or  terminate  were  considered  because  the  NAVSUP  Code 
04E  analysts  who  derived  the  model  considered  the  model  complete  enough  to  cover 
most  reasonable  costs  and  comple.x  enough  to  challenge  most  users  of  the  model 
(Ref  6]. 

The  mathematics  of  the  model  are  presented  in  the  section  below  as  equations 
and  definitions  of  their  variables.  The  following  sections  then  present  the  logic  the 
modelers  used  to  build  those  equations.  This  is  immediately  followed  by  the  author's 
analysis  and  recommendations  for  improvement. 

2.  The  Model 

The  PCTM  proposed  by  NAVSUP  is  as  follows  [Ref  4:  pp.  1*2]: 

Cost  to  Continue  =  {I}(R){HPj)+{S)(Q‘j-  x  P0Pg)+{O)(Q2’  P)(HPq), 
which  is  compared  to  the 
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Cost  to  Terminate  =  CTF+ADM+(F){HPp)  x  P,  Q  x  P) , 

where  the  model  parameters  are 

I  *  yearly  interest  rate; 

S  =  storage  cost  rate  per  year; 

0  =  obsolescence  rate  per  year; 

F  =  yearly  inflation  rate. 

The  model  inputs  are 

Qf  =  termination  quantity; 

P  =  unit  price; 

X  P  =total  dollar  value  of  the  termination  quantity; 

R  =  dollar  value  returned  to  the  Navy  after  termination  (=  contract  price  -  CTF); 
CTF  =  contractor  termination  fees  (=  contract  price  -  R); 

ADM  =  administrative  cost  both  to  award  and  terminate  a  contract; 

Q  =  The  procurement  cycle  order  quantity  (economic  order  quantity); 

X P  =total  dollar  value  of  the  procurement  cycle  order  quantity. 


The  relevant  holding  periods  are  calculated  as  follows  (HP=  holding  period  for  horizon 
identified  by  subscript); 


HPl^TpL-^ 

HPf  =  Trl+ 


ALT  1 
4 

PDLTq+ALT 

4 

PDLTq 

4 

PDLTq+ALT 


4 


f 


where 


Tp£  =  time  to  reach  reorder  level  after  termination  (years) 


ALT  =  administrative  lead  time  (quarters) 

PDLTq  =  elapsed  production  lead  time  (i. e. ,  the  difference 
between  the  contract  award  date  and  the  current  Julian  date)  (in  quarters). 

3.  The  Expected  Time  to  Reach  Reorder  Level  After  Termination 

The  expected  number  of  years  to  reach  reorder  level  after  termination  is  calcu¬ 
lated  as  follows  (Ref.  4:  p.  2]: 


lOHj^+OHp  X  SR+Dn-iRL+PPR+BO+DOS-Qf 


4  X  (D-G)Jr 


4  X  PPR 
PCLT 


where 

OHj^  =  on-hand  ready  for  issue  (RFI)  assets  as  of  "today"  in 

Figure  3  on  page  19  and  in  Figure  4  on  page  19 

OHp  =  on-hand  non-RFI  assets  as  of  "today"  in  Figure  3  on  page  19 

and  ..n  Figure  4  on  page  19 

SR  =  survival  rate  (for  repairable  items) 

DI  =  due-in  assets  from  procurement 
RL  =  reorder  level 

PPR  =  planned  program  requirements  over  procurement  lead  time 
D  =  quarterly  demand  forecast 

G  =  quarterly  regenerations  forecast  (for  repairable  items) 

BO  =  backorders 

o'  DO  =  due-out  items 

Qf  =  termination  quantity  (as  above) 

PCLT  =  procurement  lead  time. 
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The  formula  for  Tt^i  was  derived  by  first  considering  all  current  on-hand  and 
due-in  assets  (the  "inventory  position")  and  subtracting  both  all  requirements  over  the 
remaining  lead  time  and  the  termination  quantity.  This  result  is  then  divided  by  ♦he  sum 
of  annual  recurring  and  nonrecurring  demand  rates.  [Ref.  7:  p.  1] 

This  formula  seems  correct  to  the  author,  provided  over  that  same  period  the 
total  assets  include  only  those  due-in  assets  considered  over  the  remaining  lead  time  for 
accurate  comparison  with  requirements.  The  total  assets  less  requirements  over  this  lead 
time  segment  w’ill  give  net  assets  available  for  issue.  Subtracting  the  termination  quan¬ 
tity  gives  net  assets  available  for  issue  should  that  quantity  be  terminated  from  the 
contract.  Dividing  by  the  sum  of  annual  recurring  and  nonrecurring  demand  rates  gives 
the  expected  period  of  time  during  which  assets  will  be  issued  and  will  fall  to  the  reorder 
level  should  the  termination  quantity  be  terminated  from  the  contract. 

B.  THE  COST  TO  CONTINUE  THE  CONTRACT 
1.  The  Cost  to  Invest  in  the  Additional  Inventory 
a.  Background 

The  first  of  the  three  components  of  the  cost  to  continue  the  contract  is  the 
investment  cost  in  any  material  furnished  by  the  government  for  this  contract  or  in  any 
payments  made  on  the  contract  which  will  be  returned  to  the  government  after  termi¬ 
nation.  The  XAVSUP  Code  04E  analysts  who  derived  the  PCTM  considered  this  in¬ 
vestment  cost  to  be  the  rate  of  interest  that  could  be  earned  on  the  dollar  value  of  this 
material  returned  to  the  Na\7  after  termination  for  the  applicable  holding  period  for 
these  assets.  They  believed  that  a  straightforward  product  of  the  interest  rate,  the  value 
of  money  and  material,  and  the  holding  period  was  sufTicient  to  get  an  idea  of  the  cost. 
Compounding  the  interest,  which  is  commonly  done  in  any  cost-based  decision  model, 
was  assumed  to  not  make  enough  difference  to  be  worth  including  given  the  complexity 
it  would  add  to  the  model.  They  also  believed  that,  given  the  uncertain  nature  of  the 
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estimates  of  the  parameters,  such  a  refinement  of  the  computation  was  unwarranted. 

The  cost  portion  of  this  term  is  analyzed  in  the  section  below,  and  the  holding  period  is 
analyzed  in  the  section  following. 
b.  The  Cost 

The  investment  cost  formula,  (/)(/?){ifP,)  (where  I,  R,  and  HP,  are  defined 
as  above),  used  in  the  NAVSUP  PCTM  more  or  less  correctly  expresses,  in  the  opinion 
of  the  author,  the  investment  cost.  The  interest  rate  times  the  dollar  value  of  money  and 
material  which  would  be  returned  to  the  government  should  the  contract  be  terminated 
(but  which  must  be  invested  in  should  the  contract  be  continued)  times  the  applicable 
holding  period  may  be  an  adequate  approximation  of  the  investment  cost  in  such  money 
and  material.  However,  since  the  interest  is  calculated  without  being  compounded,  it  is 
only  an  approximation,  as  the  following  example  will  show.  Take  the  interest  rate  as  a 
parameter  equal  to  lOlb  (as  it  is  in  the  actual  model  in  accordance  with  DOD  Irrstruc- 
tion  4140.39),  and  assume  that  the  amount  of  government-furnished  money  and  material 
is  SI 0,000  and  that  the  relevant  holding  period  is  three  years  (both  fairly  typical 
amounts).  Then  we  have  the  following  calculation  which  will  be  performed  by  the 
N.^VSUP  PCT.M: 

Investment  Cost  =  (I)(R)(HPj)  =  (0.  l)(10000)(3p  $3000.  00. 

But  suppose  we  assume,  more  realistically,  that  interest  is  compounded  daily  instead  of 
not  at  all.  Then  the  correct  investment  cost  calculation  would  be  as  follows: 

Investment  Cost  =  (1+ )(^P/)(365)  =  (1+ )(3)(365)  loooO-lOOOO  =  $3498.03. 

3o5  3o5 

The  correct  cost  to  continue  due  to  increased  investment  cost,  in  this  case,  is  almost  16 
percent  more  than  the  amount  calculated  by  the  NAVSUP  PCT.M. l 

1  The  above  fonnula  uses  a  holding  pe.nod  expressed  in  years.  If  the  holding  period  HP,  is 
expressed  in  qu.aners,  as  it  is  in  the  PCT.M,  the  formula  becomes  Investment  Cost  = 


li 


In  general,  given  that  the  model  specifies  a  10%  rate  of  interest,  the  percent 
the  PCTM  formula  understates  the  true  interest  cost  is  a  function  only  of  the  holding 
period  (HP,).  The  general  formula,  where  R  =  dollar  value  of  material  returned,  is  as 
follows; 

PCTM  Investment  Cost  =  {I){R)(RPj)  =  (0.  l)(R){HPj); 
and 

Compounded  Investment  Cost  = 

(1+  )(HPj)(365)  X  R-R  =  (1+  ){HPj)(365)  ^  r^r 

=  [1.  000274f^^j)(365)_x]  ^  R. 

Combining  these  two  formulas  into  a  percent  difference  formula  gives  the  following 
formula  for  percent  difference  as  a  function  of  the  length  of  the  holding  period  (HP,): 

[l.  X  R-(0.  l){R){HPx)  x  100 

_____ 

[(1.  000274f365)(ffP2-l-l)-(0.  l)(^^Pj)]  x  100 
""  (.  mpj)  ■ 

Table  I  shows  the  values  from  this  formula  for  holding  periods  from  one  to 
ten  years.  It  is  clear  that  for  short  holding  periods  and  small  amounts  of  money  the 
siniple  inteiest  approach  sufficient  to  get  an  idea  of  the  cost  involved.  However,  for 
longer  holding  periods  and  larger  amounts  of  money  it  may  no  longer  be  sufficient. 


=  +  lOOOO-IOOOO  =  $3498.03,  where /'  =  the  quarterly 

interest  rale. 
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Table  1.  PERCENT  DIFFERENCE  BETWEEN  PCTM  AND  COMPOUNDED 


INVESTMENT  FORMULAS. 


^'ears 

1 

2 

3 

mm 

5 

6 

m 

8 

9 

10 

Percent 

Difference 

5.2 

10.7 

16.6 

22.9 

29.7 

37.0 

44.8 

53.2 

62.1 

71.8 

<r.  The  Relevant  Period 

Determination  of  the  relevant  holding  period  over  which  to  calculate  the 
investment  cost  is  straightforward  (see  the  above  formula  for  HP,.)  It  is  simply  the  time 
from  when  the  money  and  material  would  have  been  returned  and  savings  would  have 
started  until  the  money  and  material  may  be  required  on  the  next  contract  for  the  can¬ 
celled  item.  If  the  contract  were  terminated  and  the  money  and  material  were  returned 
immediately,  this  period  would  be  the  time  to  reach  the  reorder  level  (given  the  contract 
is  terminated)  plus  the  administrative  lead  time  required  to  award  the  contract.  The  re¬ 
lationship  can  be  formulated  as  HP,  ~  T,^l^¥ALT.  However,  the  NAVSUP  PCTM  makes 
the  assumption  that  the  money  and  material  will  not  be  returned  for  (on  average)  one 

year.  The  PCTM  therefore  formulates  the  investment  holding  period  as 
il  T 

HP,  =  - 1,  where  ALT  is  expressed  in  quarters  and  is  divided  by  4  to  convert 

it  to  years.  In  the  author's  opinion,  this  formulation  accurately  represents  the  invest¬ 
ment  opportunity  lost  for  the  purposes  of  the  model,  provided  the  average  one  year  re¬ 
turn  time  for  government-furnished  money  and  material  is  correct. 

2.  The  Cost  to  Store  the  Additional  Inventory 
a.  Background 

If  the  contract  is  continued,  the  quantity  ((2r)  under  consideration  for  ter¬ 
mination  must  be  stored  as  part  of  the  inventory.  Therefore,  the  second  of  the  three 
components  of  the  cost  to  continue  the  contract  is  the  storage  cost  of  holding  that 
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quantity  of  inventory.  NAVSUP  Code  04E  analysts  believed  that  the  termination 
quantity  Qj,  if  the  contract  were  not  terminated,  would  be  stored  for  the  entire  storage 
holding  period  as  the  difference  between  the  nomterminated  quantity  and  the  terminated 
quantity.  They  therefore  calculated  the  storage  portion  of  the  cost  to  continue  the 
contract  as  a  straightforward  product  of  the  termination  quantity,  the  storage  cost  rate, 
and  the  storage  holding  period.  They  also  assumed  that  any  material  terminated  from 
a  contract  would  eventually  be  reordered. 
b.  The  Cost 

In  the  opinion  of  the  author,  the  NAVSUP  PCTM  formula  for  the  storage 

cost,  (S)(27-  X  P){HPs),  is  incorrect.  In  the  classical  inventory  model,  annual  storage  (or 

Q 

holding)  costs  are  based  on  the  average  inventory  on  *.’nd  during  the  order  cycle,  -j- 
(Ref.  5;  pp.  91-93].  Figure  1  on  page  17  shows  the  "savnooth"  inventory  curve  result¬ 
ing  from  terminating  the  quantity  Qr,  where  -  inventory  on  hand  if  we  do  not  ter¬ 
minate,  Qi  =  inventory  on  hand  if  we  do  terminate,  and  Qt-Q\-Qi  -  It  can  be  seen 
from  Figure  1  that  while  the  amount  saved  during  the  "holding"  period  HPs  proposed 
by  the  NAVSUP  analysts  (see  the  next  section)  is  indeed  (S)(2r  x  that  analysis 

docs  not  take  the  entire  process  into  account.  The  differential  holding  costs  do  not  end 
at  the  time  the  item  is  reordered  following  termination;  they  continue  until  the  time  the 
item  would  have  been  reordered  had  it  not  been  terminated.  The  reason  for  this  is  that 
when  the  contract  is  terminated,  the  item  must  be  reordered  back  up  to  the  new  eco¬ 
nomic  order  quantity  (EOQ)  amount  at  the  end  of  HPs,  but  when  the  item  is  not  ter- 

Qt 

minated.  it  is  not  reordered  until  the  time  HPs+  ,  where  D  =  the  average  quantity 
demanded,  because  the  item  does  not  run  out  as  soon. 

As  Figure  1  shows,  we  are  projecting  future  inventory  levels  assuming  the 
only  variable  is  the  remaining  inventory  quantity  at  the  start  of  HPs  ,  namely  gi  or  Q2. 
The  projected  expected  demand  rate  must  be  the  same  in  either  case;  hence  the  slopes 
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of  the  "saweeth"  are  equal.  Third,  the  most  likely  reason  for  the  item  to  be  under  con¬ 
sideration  for  termination  is  that  it  is  in  long  supply  as  a  consequence  of  the  demand 
(Z))  having  been  reduc''d.  This  means  that  where  the  EOQ  was  previously  Qi,  accounting 
for  the  fact  that  we  had  units  on  order,  it  has  now  been  reduced  to  in  accordance 
with  the  reduction  in  demand.  2  Therefore,  the  "sawtooth"  at  the  end  of  HPs  jumps  back 

up  only  to  Qi.  Fourth,  the  tirre  period  between  HP^  and  the  time  the  item  will  be  or- 

Qt 

dered  if  it  is  not  terminated  is  because  to  use  umts  at  a  rate  of  D  units  per  time 

period  takes  units  of  time.  And  finally,  the  "sautooth"  at  the  end  of  HPs  fall  by 

Qt 

Qr  units  at  the  end  of  the  time  period  because  using  the  item  for  units  of  time  at  a 
rate  of  D  units  per  time  period  will  deplete  exactly  gr  units  from  the  inventory'. 

T ^e  storage  costs  for  these  time  periods  are  based  on  the  average  invento¬ 
ries  held  and  are  shown  in  Figure  1  as  A^,  A2,  and  A^,  where  Ai  ='^QiHPs,  which  is  the 

inventory  held  for  the  reduced  quantity  for  the  period  HPs,  A2  =  the  inventory  held 

Qr 

based  on  the  full  quantity  Q^  for  the  period  HPs+ 


(since  =  Q2+Qt),  and  A^  =  the  inventory  held  based  on  the  reduced  quantity  Q2  for 
the  period 


A2  = 


X  <?2- 


1 

2 


2  It  may  not  be  true  that  the  EOQ  has  changed  to  exactl>  Q2',  there  may  be  some  other  factors 
that  caused  the  model  to  optimize  using  that  quantity.  However,  it  is  reasonable  to  assume  that 
the  new  EOQ  will  be  close  to 
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The  diflerence  between  the  average  inventories  when  the  contract  is  not 


terminated  and  when  the  contract  is  terminated  is 


<?2 

-^xHPs- 


Q2^Qt  Qt 

D  2D 


~  ID  ^  1  2D  ~  D  ID 


Qf 


Q2  X  Qf 
ID 


Qi  Qt  QrXQi 

But  from  Figure  1  it  can  bt  seen  that  HPs  -  —  so  that  -y  x  HPs  -  — ^ — .  Substi¬ 
tuting  this  expression  into  the  above  formula  gives  the  final  result: 


Qf 

A2-{Ai+A2)  =  — . 

This  should  be  the  correct  formula  for  describing  the  differential  inventor}’  held  w'hen 
considering  the  current  order  period. 
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F -  HPs- 

Figure  1.  "Sawtooth"  diagram  for  the  on-hand  inventory  for  tlie  current  period  with 
and  without  termination. 

Figure  2  shows  the  cfTeci  of  termination  on  future  order  periods,  under  the 
assuinpiion  tliat  demand  will  remain  constant  at  its  new  rate.  It  can  be  seen  from  Figure 
2  tiiat  future  periods  will  have  the  same  storage  costs  with  only  their  time  frames  offset 
by  the  time  whether  or  not  the  contract  is  ternhnated  now.  Thus,  if  demand  docs 
not  change,  future  inventory  held  differentials  will  be  0.  If  demand  is  reduced  again  at 
some  time  in  the  future,  the  system  will  be  in  long  supply  again,  and  the  termination 
problem  will  be  resolved  using  the  new'  data.  If  demand  increases  at  some  time  in  the 
future,  more  of  the  item  will  be  placed  on  order,  again  requiring  resolving  the  problem 
using  the  new  data.  In  any  case,  it  is  appropriate  to  assume  that  demand  will  remain 
constant  to  solve  the  current  problem. 

In  conclusion,  the  correct  formula  for  the  differential  inventory  held  should 

Q]  .  07  Qt  , . 

be  —jj-  and  the  differences  in  future  order  periods  arc  zero.  Since  -jy  =  QrX  ~jy,  tins 

form\)la  can  be  interpreted  to  mean  the  differential  inventory  held  equals  the  differential 

(termination)  quantity  Qj^  times  the  differential  time  Therefore,  the  correct  formula 


17 


for  the  storage  cost  to  continue  is  x  Sx  P  rather  than  S  xQj^x  Px  jn\  for  the 
difTercntial  inventory  held  when  the  contract  is  continued.  This  change  should  be  in¬ 
corporated  into  the  model. 


Figure  2.  "Sawtooth"  diagram  for  future  periods  with  and  without  termination. 

c.  The  Relevant  Period 

The  relevant  period  for  the  NaNw's  model  was  11 P^,  and  its  formula  was 
given  at  the  start  of  this  chapter.  For  the  discussion  in  this  section  (and  also  that  in 
Section  II. B  T.c.),  the  author  relied  in  large  part  on  an  analysis  provided  by  Mr.  Jerry 
Zanicr  of  the  NyWSUP  Operations  Research  Group  [Ref.  6].  In  his  analysis,  the  period 
for  which  savings  due  to  reduced  storage  costs  arc  relevant  begin.s  when  the  buy  from 
wiiich  the  quantity  Qj  was  terminated  is  or  would  have  been  received  (depending  on 
wlicthcr  it  was  a  partial  or  a  complete  cancellation),  because  that  is  when  the  govern¬ 
ment  would  have  begun  paying  storage  costs.  It  ends  when  the  next  buy  is  received  (if 
ever)  because  that  is  when  the  government  will  begin  paying  storage  costs,  given  that  the 
contract  actually  was  terminated.  The  figure  below  is  a  time  line  representing  points  of 
time  in  the  piocurement  process  which  will  aid  the  reader  in  following  this  argument. 


IS 


Contract 

Buy\  Award 

Initiated  Date  Today 

.  1 _ 1 _ 1 _ 

Buy,  Buyj 

Received  Initiated 

_ 1 _ 1 _ 

Buy2  Received 

_ I- 

|«—  ALT  PDLT,  — — 
1, - PCLT- - 

.....T,, - 

- PCLT- - >1 

Figure  3.  Points  of  time  in  the  procurement  process 


The  point  on  the  time  line  labelled  "Buyi  initiated"  represents  the  point  in 
time  when  the  Supply  Demand  Review  (SDR)  program  in  the  ICPs  computer  initiated 
the  buy  for  which  we  are  now  considering  a  temaination.  The  point  labelled  initi¬ 
ated"  represents  the  point  in  time  when  the  SDR  will  initiate  the  next  buy  if  we  terminate 
the  quantity  Qr  today.  The  point  labelled  “Buy^  received"  represents  the  point  in  time 
when  the  buy  for  which  we  are  now  considering  a  termination  will  be  received  if  it  is  not 
terminated  (hence  the  time  difference  between  "Buy,  initiated"  and  "5wy,  received"  is 
Procurement  Lead  Time  (PCLT).) 

Figure  4  is  the  same  time  line  as  figure  3  above  with  the  positions  of 
PCLT  and  ALT+PDLT,+Tni  interchanged. 

Contract 

Buy^  Award  5uy,  Buyj 

Initiated  Date  Todav  Received  Initiated  Buv2  Received 

- 1  1 . !  - . I - 1 . : . I 

!♦—  ALT  — PDLT,  — »|+—  . “♦! 

. PCLT- . -*\  \*- . PCLT- . ->1 

Figure  4.  Procurement  process  with  lead  times  and  time  to  reach  reorder  level 
shifted. 

In  other  words,  adding  PCLT  to  the  beginning  of  ALT+PDLT,-\-Tni  changes  its  position 
in  time  but  not  its  value,  and,  after  changing  its  position,  its  endpoints  coincide  with  " 
Buy^  initiated"  and  "Bwjj  initiated".  Therefore,  the  time  between  when  the  buy  from 
which  was  terminated  is  (or  would  have  been)  received  and  the  time  when  the  next 
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buy  for  that  item  is  received  is  just  aLT+PDLT.+T^l,  and  this  represents  the  relevant 
holding  period  HPs  for  which  savings  due  to  reduced  storage  costs  are  relevant. 

In  the  author's  opinion,  this  portion  of  the  formula  would  have  correctly 
represented  the  relevant  holding  period  if  the  only  period  under  consideration  were  the 
time  from  w’hen  the  termination  is  being  considered  until  the  time  when  the  item  is  re¬ 
ordered  if  it  has  been  terminated.  But,  as  pointed  out  in  the  preceding  section,  the 
NAVSUP  analysis  does  not  take  into  account  the  period  of  time  between  W'hen  the  item 
w'ould  have  been  reordered  if  termination  had  occurred  and  when  the  item  w^ould  have 

been  reordered  if  termination  had  not  occurred.  In  the  previous  section,  the  differential 

Qt 

inventor}'  held  was  determined  to  be  an  amount  which  is  independent  of  any  hold¬ 
ing  period.  Therefore,  in  the  author's  opinion,  a  holding  period  HPs  is  unnecessar}'  for 
the  PCTM  and  should  be  dropped  from  the  model. 

3.  The  Obsolescence  Cost  of  the  Additional  Inventory 
a.  Background 

The  third  of  the  three  components  of  the  cost  to  continue  the  contract  is  the 
obsolescence  cost  of  holding  the  quantity  of  inventor}’  under  consideration  for  termi¬ 
nation.  XAVSL'P  Code  04E  analysts  believed  that,  as  w'ith  the  storage  costs,  the  ter¬ 
mination  quantity  Qj  would  be  obsolescent  for  the  entire  obsolescence  holding  period 
as  the  difference  betw’een  the  non-terminated  quantity  and  the  terminated  quantity. 
They  therefore  calculated  the  obsolescence  portion  of  the  cost  to  continue  the  contract 
as  a  straightforward  product  of  the  termination  quantity,  the  obsolescence  cost  rate,  and 
the  obsolescence  holding  period,  just  as  was  done  w’ith  the  storage  cost.  They  also  as¬ 
sumed,  as  with  storage  costs,  that  any  material  terminated  from  a  contract  would  even¬ 
tually  be  reordered. 
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b.  The  Cost 


In  the  opinion  of  the  author,  the  NAVSUP  PCTM  formula  for  the  obso¬ 
lescence  cost,  (0)(Qj-  X  P)(HPo),  incorrectly  states  the  true  obsolescence  cost  to  continue 
just  as  it  does  for  differential  storage  costs  (and  for  the  same  reason).  This  can  be  shown 
using  the  same  analysis  of  differential  inventory  held  used  in  Section  II.B.2.b.  The  result 
of  this  analysis  is  that,  in  the  opinion  of  the  author,  the  correct  formula  for  the  obso- 

Qr 

lescence  cost  to  continue  the  contract  is  xOx  P,  the  differential  inventory  held 
when  the  contract  is  continued  times  the  obsolescence  rate,  and  this  is  the  term  which 
should  be  incorporated  into  the  model  for  the  obsolescence  cost  to  continue  the  con¬ 
tract. 

c.  The  Relevant  Period 

The  analysis  of  the  relevant  holding  period  for  obsolescence  nearly  parallels 
the  analysis  in  Section  Il.B.2.b.  The  analysts  at  NAVSUP  Code  04E  believed  that  the 
period  for  which  savings  due  to  reduced  obsolescence  costs  are  relevant  begins  when  the 
bu\  from  which  the  quantity  Qj  was  terminated  is  or  would  have  been  received  (de¬ 
pending  on  whether  it  was  a  partial  or  a  complete  termination),  and  it  ends  when  the 
next  buy  is  received  (assuming  the  contract  actually  was  terminated),  just  as  it  did  for 
storage  costs.  Using  the  same  analysis  as  in  Section  II.B.2.C.  and  referring  to  Figure  3 
on  page  19  and  to  Figure  4  on  page  19,  they  showed  that  the  time  between  Bu\\  and 
Bu}\  is  still  ALT+PDLT,+T,^i_.  However,  they  argued  that  since  obsolescence  of  spare 
parts  is  a  process  driven  by  advancing  technology,  obsolescence  does  not  actually  begin 
until  the  contract  is  awarded  and  the  process  of  choosing  a  design  has  actually  begun. 
Before  the  design  choice  has  been  made,  any  technological  advances  can  be  taken  ad¬ 
vantage  of,  and  obsolescence  is  not  yet  a  problem.  After  the  design  choice  has. been 
made  and  the  contract  has  been  awarded,  however,  technological  advances  cannot  be 
taken  advantage  of  without  rendering  the  equipment  obsolete.  Therefore,  during  ad- 
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should  not  be  counted  as  part  of  the  holding  period  for  obsolescence.  This  is  reflected 
in  the  formula  they  used  in  the  N  A  VS  UP  PCTM,  namely  PDLT,+Tni. 

This  portion  of  the  formula  would  have  correctly  represented  the  relevant 
holding  period  if  the  only  period  under  consideration  were  the  time  from  when  the  ter¬ 
mination  is  being  considered  until  the  time  when  the  item  is  reordered  if  it  has  been  ter¬ 
minated  just  as  was  the  case  with  the  storage  cost  to  continue  the  contract.  But,  as 
pointed  out  in  sections  II.B.2.b.  and  II.B.2.C.,  the  NAVSUP  analysis  does  not  take  into 
account  the  period  of  time  between  when  the  item  w'ould  have  been  reordered  if  termi¬ 
nation  had  occurred  and  when  the  item  would  have  been  reordered  if  termination  had 

not  occurred.  In  the  previous  section,  the  differential  inventory  held  was  determined  to 
Qt 

be  an  amount  which  is  independent  of  any  time  period.  Therefore  a  holding  period 
HPo  is  unnecessar}'  for  the  PCTM  and  should  be  dropped  from  the  model. 

C.  THE  COST  TO  TERMINATE  THE  CONTRACT 
1.  Contractor  Termination  Fees 
a.  Background 

While  contractor  termination  fees  have  a  significant  impact  on  the  decision 
the  model  makes,  they  are  input  to  the  model  primarily  as  a  given  parameter.  The  de¬ 
termination  of  how  much  to  pay  the  contractor  in  termination  fees  rests  with  the  termi¬ 
nation  contract  officer  at  whatever  Defense  Contract  Administrative  Service  Region  has 
cognizance  of  the  contract.  Any  dispute  over  such  fees  is  decided  by  attorneys  for  the 
government  and  the  contractor.  But  for  the  purposes  of  the  NAVSUP  PCTiM,  they 
should  be  predetermined.  However,  as  Chapman,  in  his  thesis,  states. 
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.  .  .  there  exists  no  motivation  in  the  termination  process  for  the 
contractor  to  estimate  his  fees  in  a  realistic  manner.  If  his  proposed 
termination  fees  are  higher  then  [  sic  ]  the  eventual 
settlement,  the  R  value  will  have  been  set  too  low.  This  low  dollar 
value  will  artificially  lessen  the  cost  to  continue  while  artificially 
inflating  the  cost  to  terminate.  [  Ref.  1:  p.  88  ] 

NAVSUP  analysts  agreed  with  his  assessment,  preferring  to  estimate  the  expected  con¬ 
tractor  fees  using  an  empirical  formula  which  is  used  at  the  ICPs. 
b.  The  Costs 

The  formula  used  at  the  ICPs  is  as  follows: 

/  PDLTg 

=  \/-mf  ^ 

where  the  contract  price  (CP)  is  the  original  cost  of  the  contract.  Therefore  the  con¬ 
tractor  termination  fees  are  estimated  as  the  square  root  of  tne  fraction  of  production 
Icadtime  elapsed  times  the  original  cost  of  the  contract  and  R  is  estimated  as  the  differ¬ 
ence  between  the  termination  fee  and  the  original  contract  cost.  As  mentioned  in  the 
above  section,  the  ICPs  use  this  formula  and  believe  it  to  be  empirically  correct.  How¬ 
ever,  contracting  officers  should  attempt  to  elicit  reasonable  responses  from  contractors 
to  the  question  of  contract  termination  fees,  if  only  for  comparison  with  the  formula. 
Any  significant  deviations  should  be  further  investigated  to  obtain  a  reasonable  com¬ 
promise.  Also,  as  this  cost  occurs  instantaneously  at  the  time  the  contract  is  cancelled, 
there  is  no  applicable  holding  period.  Therefore,  no  holding  period  has  been  proposed 
for  these  costs  by  the  PCTM.  This  appears  to  be  o  hte  logical. 

Tlw  sensitivity  of  the  model's  decision  making  to  variations  in  the  CTF  will 
be  tested  in  Chapter  IV,  If  changes  in  the  CTF  have  a  significant  impact  on  the  model's 
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decision,  the  empirical  formula  should  be  thoroughly  checked  for  correctness.  For  ex- 

PDLT 

ample,  the  ICPs  could,  using  historical  data,  plot  (fraction  of  production  lead 

CTF 

time  elapsed)  against  —p: —  (fraction  of  termination  fees  paid  on  terminated  material)  to 
determine  a  suitable  relationship  between  contractor  termination  fees  and  production 
time  elapsed. 

2.  Administrative  Costs 

a.  Background 

Administrative  costs  were  included  as  a  cost  to  terminate  the  contract  be¬ 
cause  when  all  or  part  of  the  contract  is  terminated,  it  is  expected  that  the  material  will 
be  reordered  sometime  in  the  future,  with  conconunitant  administrative  order  costs 
[Ref  5:  p.l41.  The  PCTM  uses  them  strictly  as  an  input  parameter  which  has  also  been 
predetermined.  For  the  purpose  of  the  PCTM,  the  costs  may  have  to  be  determined  by 
a  separate  analysis  or  they  may  have  to  be  guessed  at.  Therefore,  NAV^SUP  analysts 
have  included  this  cost  as  a  given  parameter. 

However,  there  is  another  administrative  cost  apparently  not  envisioned  by 
the  NAVSUP  Operations  Research  Group  *hat  could  impact  the  model's  decision  and 
should  therefore  be  considered  for  inclusion  in  the  PCTM,  namely  the  administrative 
cost  to  terminate  the  contract.  This  cost  is  real  and  should  be  included  in  the  model's 
logic  because  the  work  done  to  terminate  the  contract  costs  the  government  time  and 
therefore  money  just  as  the  work  done  later  to  reorder  the  material. 

b.  The  Costs 

As  the  administrative  costs  envisioned  by  NAVSUP  analysts  occur  in  the 
future,  they  must  take  into  account  the  time  value  (opportunity  cost)  of  money.  In  the 
author's  opinion,  the  correct  way  to  do  this  is  to  discount  this  cost  using  an  appropriate 
rate  of  interest.  Since  the  time  from  now  (when  the  contract  is  being  considered  for 
termination)  until  the  material  will  be  reordered  should  the  contract  be  terminated  is 
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^RL>  it  is  the  appropriate  time  period  over  which  to  compute  the  discount.  The  formula 
for  computing  the  discounted  administrative  cost  would  then  be  as  follows: 

ADM 

(Future)  Administrative  Costs  == - . 

Standard  rates  have  been  established  for  the  costs  attributable  to  contract 
awards.  By  contrast,  to  the  author's  knowledge  no  standard  rates  have  been  similarly 
determined  for  the  cost  to  administratively  terminate  a  contract.  However,  as  argued 
above,  such  costs  are  real.  As  this  cost  occurs  instantaneously  at  the  time  the  contract 
is  cancelled,  there  is  no  applicable  holding  period.  Therefore,  no  holdmg  period  is  been 
proposed.  However,  the  author  must  give  one  caveat.  If  these  costs  do  occur  at  some 
time  in  the  future,  they  should  be  subject  to  discounting  if  that  time  is  far  enough  in  the 
future  to  make  a  significant  difference  in  the  model's  decision.  But,  since  the  costs  are 
likely  to  occur  at  the  same  time  in  the  future  each  time  a  contract  is  terminated,  such 
discounting  need  nc'  be  included  in  the  model  per  se.  It  can  be  performed  using  a 
standard  time  period  to  determine  a  standard  present  value  of  the  administrative  cost  to 
terminate  external  to  the  model  and  then  that  figure  input  to  the  model. 

The  sensitivity  of  the  model's  decision  making  to  variations  in  administra¬ 
tive  costs  will  be  tested  in  Chapter  IV.  If  changes  in  administrative  costs  have  a  signif¬ 
icant  impact  on  the  model's  decision,  the  amount  used  to  represent  administrative  costs 
should  be  thoroughly  checked  for  correctness. 

3.  The  Cost  to  Reprocure  Due  to  Inflation 
a.  Background 

As  mentioned  above  in  Section  II.B.2.a,  NAVSUP  Code  04E  analysts  as¬ 
sumed  that  should  a  quantity  Q-,-  be  terminated  from  a  contract,  eventually  the  material 
would  have  to  be  reordered.  They  further  assumed  that,  if  Qj  were  larger  than  the  eco¬ 
nomic  order  quantity  (EOQ  Q),  only  0  units  would  be  ordered.,  They  therefore  formu¬ 
lated  the  cost  due  to  inflation  as  min{(2r  x  P,Qx  P}.  This  formula  reflects  the 
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assumption  that  regardless  of  how  much  material  is  terminated  from  the  contract,  the 
I  CP  will  never  order  more  than  the  EOQ. 
b.  The  Cost 

The  assumption  that  there  is  a  cost  to  reprocure  due  to  inflation  is  based 
on  an  analysis  such  as  the  following  one.  Without  loss  of  generality  for  this  argument, 
let  Qt=Q’,  then  the  inflation  cost  should  be  future  cost  minus  present  cost: 
(l+/)"'’Kl2  P)-Q  X  P^{P){Q  X  This  formula,  however,  is  only  an  approxi¬ 

mation.  For  example,  for  HPf  =  2  years. 

Cost  inflation  =  ’<  P)-Q  ^  =  (I+IF-^F^Q  x  P)-Q  x  P  =  (2)(P)((?  x  PMfHQ  x  F)- 

The  formula  neglects  the  effects  of  higher-order  terms  like  (P)(Q  x  P).  If  a  formula  like 
this  is  to  be  used,  the  higher-order  terms  should  be  included  as  with  the  interest  rate  for 
HPf  periods  in  the  suggested  changes  to  the  costs  to  continue  the  contract  presented 
aboNc. 

However,  in  the  opinion  of  the  author,  the  model's  use  of  a  cost  due  to  in¬ 
flation  fails  to  take  into  account  the  true  (present)  value  of  Q,  HPf  periods  of  time  in  the 
future,  which  must  be  discounted  for  inflation.  The  true  equation  is  as  follows: 

^  -<?  X  P  =  0 


(always! ). 

Therefore,  since  the  cost  of  inflation  is  always  0,  the  inflation  cost  term  is  not  needed. 
Another  way  of  viewing  this  is  that  while  we  will  certainly  have  to  pay  more  money  for 
future  purchases  of  the  item  under  consideration  for  termination  if  we  do  terminate  the 
contract,  we  will  be  pa\ing  the  increased  price  in  inflated  dollars  which  are  worth  less 
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than  today's  dollars  by  an  amount  which  corresponds  on  the  average  to  exactly  the  in¬ 
flation  rate.  So,  while  the  rate  of  inflation  is  certainly  a  concern  for  preparing  the  budget 
for  the  period  in  w'hich  the  repurchase  will  be  made,  since  budgets  are  prepared  in 
nominal  and  not  real  dollars,  it  need  not  concern  the  operations  analyst  who  is  trying 
to  identify  the  costs  associated  with  terminating  the  contract.  The  cost  term  associated 
with  general  inflation  should  therefore  be  dropped  from  the  model. 

On  the  other  hand,  if  there  are  item-specific  cost  increases  that  either  the 
item  manager,  contracting  officer,  or  someone  else  in  the  organization  knows  will  occur, 
these  would  be  legitimate  costs  to  terminate  the  contract  and  should  be  included  in  the 
model  as  such.  However,  such  costs  would  be  likely  to  be  incremental  or  even  one-time 
cost  increases  rather  than  continuous  increases  compounded  on  a  percentage  basis,  so 
this  formula  would  not  be  likely  to  be  of  much  use  for  these  kind  of  costs.  Such  costs 
would  be  more  likely  to  be  determined  external  to  the  model  and  then  added  in  as  a  given 
parameter,  just  as  are  the  contractor  termination  fees  and  administrative  costs, 
c.  The  Relevant  Period 

Should  the  users  of  the  model  decide  that  item-specific  cost  increases  are 
applicable  to  the  contract  termination  and  that  these  costs  should  be  applied  based  on 
a  continuous  escalation  rather  than  incrementally,  they  will  need  to  determine  the  ap¬ 
plicable  holding  period  for  which  to  apply  them.  In  this  case,  the  period  for  which  in¬ 
creased  termination  costs  due  to  inflation  are  relevant  begins  when  the  buy  from  which 
the  quantity  <2r  was  terminated  is  or  would  have  been  received  (depending  on  whether 
it  was  a  partial  or  a  complete  cancellation),  because  that  is  w'hen  Qt  would  have  been 
paid  for.  It  ends  when  the  next  buy  is  received  because  that  is  when  it  will  be  paid  for, 
given  that  the  contract  was  actually  terminated.  This  period  is  the  period  during  which 
the  terminated  quantity  Oj  will  increase  in  cost  due  to  inflation,  and  it  is  the  same  time 
period  during  which  savings  due  to  reduced  storage  and  obsolescence  costs  are  relevant. 
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The  analysis  in  this  section  therefore  parallels  the  analyses  in  Sections 
I1.B.2.C.  and  II.B.3.C.  Again  referring  to  Figures  3  and  4,  it  can  be  shown  that  the  time 
between  and  Buy^  is  ALT-\-PDLT,-¥T^i.  This  formula  represents  the  correct  holding 
period  for  any  inflationary  costs  and  is  correctly  represented  in  the  NAVSUP  PCTM. 
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III.  ADDITIONS  TO  THE  PROPOSED  MODEL 


A.  THE  CURRENT  MODEL 

The  Naval  Supply  Systems  Command  (NAVSUP)  Procurement  Contract  Termi¬ 
nation  Model  (PCTM)  currently  weighs  the  cost  to  continue  the  contract,  measured  as 
the  investment  cost  in  the  additional  inventory  plus  the  storage  cost  of  the  additional 
inventory  plus  the  obsolescence  cost  of  the  additional  inventory,  and  compares  it  to  the 
cost  to  terminate  the  contract,  measured  as  the  cost  of  contractor  termination  fees  plus 
the  administrative  cost  to  reorder  the  material  later  plus  the  inflation  cost  to  reorder  the 
material  later.  However,  other  costs  could  potentially  have  a  significant  impact  on  the 
model's  decision.  The  two  which,  in  the  author's  opinion,  are  the  most  important  are 
addressed  in  the  following  sections. 

B.  COST  TO  REPAIR  VERSUS  COST  TO  PROCURE 

1.  Background 

The  PCTM  may  be  considering  terminating  a  contract  for  repairable  items 
which  have  "F"  condition  3  items  in  inventory  awaiting  repair.  In  such  cases,  the  re¬ 
maining  cost  to  complete  the  contract  may  be  less  than  the  cost  to  repair  the  "F"  con¬ 
dition  assets.  In  the  author's  opinion,  the  PCTM  should  consider  the  cost  of  repairing 
such  assets  as  a  cost  to  terminate  the  contract,  since  it  is  clearly  cost-effective  to  pay  the 
remaining  cost  of  the  contract  to  obtain  these  "A"  condition  assets  instead  of  paying 
more  to  repair  a  comparable  number  of  "F"  condition  assets.  However,  remaining  costs 
are  the  only  costs  which  are  appropriate  to  consider  paying,  since  costs  which  have  been 
or  must  already  be  paid  are  sunk  and  are  not  relevant  to  the  decision  at  hand. 

2.  The  Cost 

For  the  purpose  of  the  PCTM,  the  remaining  costs  have  already  been  identified 
by  the  model  as  the  cost  to  continue,  since  the  cost  to  continue  specifies  all  future  costs 
which  will  be  incurred  should  we  continue  the  contract.  The  cost  to  continue  is  thus 
directly  comparable  to  the  cost  to  repair.  The  appropriate  quantity  to  use  to  compute 
the  cost  to  repair  for  the  comparison  with  the  cost  to  continue  is  x  Cr,  where  Cr  is 
the  unit  cost  to  repair  the  item  and  (2r  is,  as  before,  the  termination  quantity,  unless  Qr 

3  "F"  condition  refers  to  items  that  are  not  ready  for  issue  (NRFI)  because  they  require  repair, 
"A"  condition  refers  to  items  which  are  ready  for  issue  (RFl). 
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is  greater  than  the  number  of  repair  regenerations  we  expect  to  need  during  the  lifetime 
of  the  item.  If  (2r  is  the  expected  number  of  regenerations  during  the  lifetime  of  the  item, 
then  the  appropriate  formula  for  the  cost  to  repair  is  as  follows: 


If  this  cost  is  greater  than  the  cost  to  continue  the  contract,  it  should  be  continued  re¬ 
gardless  of  the  comparison  with  the  cost  to  terminate. 

C.  GOVERNMENT-FURNISHED  MATERIAL  AS  AN  ALTERNATIVE  TO 
TERMINATION 

1.  Background 

Department  of  Defense  Inspector  General  (DODIG)  auditors  noted  in  their 
November  21,  1989  audit  of  contract  terminations  that 

.  .  .  the  inventory  control  points  could  have  arranged  for  excess  on-order 
assets  that  were  not  terminated  and  that  applied  to  higher  assemblies 
in  production  to  be  used  as  Government-furnished  material  on  [  other  ] 
production  contracts  for  the  higher  assemblies.  The  inventory  control 
points  did  not  v.ake  advantage  of  the  opportunities  due  to  the  lack  of 
policies  and  procedures  requiring  excess  on-order  assets  to  be  used  as 
Government -furnished  material.  As  a  result,  we  projected  that  the  three 
inventory  control  points  unnecessarily  brought  $156.9  million  of  excess 
on-order  assets  into  inventory.  [  Ref.  2:  p.  31  ] 

There  are  two  ways  to  take  advantage  of  on-order  assets  in  long  supply  as 
Government-furnished  material  (GFM)  [Ref  2:  p.  32].  First,  all  excess  on-order  assets 
already  completed  which  could  be  used  as  GFM  under  other  contracts  could  be  trans¬ 
ferred  as  such  to  those  contracts,  thus  reducing  the  termination  cost  of  the  contract 
under  consideration  for  termination.  Second,  all  w'ork  in-process  on  terminated  con¬ 
tracts  could  be  transferred  as  such  to  other  contracts,  thus  reducing  the  cost  of  those 
contracts  by  reducing  a  portion  of  their  work  in-process. 

2.  The  Cost 

Both  transferring  excess  on-order  assets  and  transferring  work  in-process  would 
result  in  lower  costs  on  the  contract  under  consideration  for  termination  in  two  ways. 

First,  termination  costs  would  be  reduced  by  the  total  (contract)  price  of  these  assets. 
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Second,  if  the  contract  is  continued,  inventor)’  holding,  storage,  and  obsolescence  costs 
would  be  avoided  on  these  assets  just  as  it  would  if  the  assets  were  terminated.  The  first 
cost  saving  can  be  incorporated  into  the  XAVSUP  PCTM  formula  simply  by  either 
subtracting  it  from  the  cost  to  terminate  the  contract  (or  equivalently  by  adding  it  to  the 
cost  to  continue.)  This  assumes  that  the  material  is  available  for  transfer  to  the  new- 
contract  immediately,  otherw'ise,  its  value  would  have  to  be  discounted  appropriately. 
Subtracting  the  value  of  these  assets  from  the  cost  to  terminate  the  contract  reflects  the 
fact  that  using  the  assets  to  reduce  the  cost  of  another  contract  in  effect  reduces  the  cost 
of  terminating  the  contract  under  consideration. 

However,  while  the  first  cost  saving  applies  as  a  reduction  in  the  cost  to  termi¬ 
nate  the  contract,  the  second  cost  saving  applies  as  a  reduction  in  the  cost  to  continue 
the  contract.  This  is  so  because  if  it  is  known  that  at  least  some  of  the  termination 
quantity  Qj,  say  Qq,  where  Qq  =  the  dollar  amount  of  material  to  be  transferred,  can 
be  used  as  GFM  on  some  other  contract,  then  it  is  also  known  that  no  inventory-related 
costs,  such  as  inventoiy  holding,  storage  and  obsolescence  costs,  will  have  to  be  paid 
on  the  quantity  (since  it  will  never  become  ^  ;rt  of  the  inventoiy.)  Therefore,  the 
second  cost  is  best  incorporated  into  the  PCTM  formula  as  part  of  the  cost  to  continue 
by  subtraction  from  both  the  dollar  value  of  material  returned  to  the  Kasy  after  termi¬ 
nation  (R)  and  to  the  dollar  value  of  the  termination  quantity: 

which  can  be  compared  to 


^°^^terminate  =  (^^F+ADM-Qq  x  P. 


While  the  above  discussion  covers  the  transfer  of  finished  product  from  a  con¬ 
tract  under  consideration  for  termination  to  another  ongoing  government  contract,  a 
similar  analysis  can  be  done  for  the  case  where  work  in-process  is  transferred.  The  value 
of  finished  product  shown  as  Qc  in  the  above  formula  can  be  replaced  with  the  value  of 
work  in-process  and  ’he  same  comparison  made. 

Determining  whether  material  can  be  transferred  from  one  contract  to  another 
to  reduce  costs  can  be  difiicult.  For  this  reason,  implementing  this  DODIG  finding  will 
be  difficult.  However,  if  XAVSUP  decision  makers  decide  to  implement  it,  the  above 
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formulas  used  in  the  PCTM  decision  logic  should  provide  the  most  cost-effective  deci¬ 
sion. 
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IV.  SENSITIVITY  OF  THE  MODEL  TO  PARAMETER  ADJUSTMENTS 


Once  the  the  Naval  Supply  Systems  Command  (NAVSUP)  Procurement  Contract 
Termination  Model  (PCTM)  "correctly"  models  the  problem  of  whether  or  not  to  ter¬ 
minate  a  contract,  obtaining  a  good  decision  from  it  still  depends  on  the  accuracy  of  the 
input  parameters.  The  best-formulated  model  w’ill  not  render  an  economical  decision  if 
the  interest,  storage,  obsolescence,  and  inflation  (should  its  users  decide  it  is  correct  to 
include  this  cost)  rates  and  the  contractor  termination  fees  and  administrative  costs  on 
which  the  model  depends  are  not  accurately  represented. 

The  ultimate  goal  of  the  users  of  the  model  should  be  to  accurately  specify  all  those 
parameters  for  which  it  is  economical.  For  example,  if  a  parameter  can  be  found  to  a 
tolerance  of  0.1%  at  a  cost  of  just  a  few  thousand  dollars  and  such  accuracy  can  enable 
the  model  to  correctly  make  decisions  saving  millions  of  dollars,  then  clearly  it  is  worth 
the  eflbrt  to  specify  such  a  parameter  to  a  tolerance  of  0.1%.  If,  on  the  other  hand,  the 
situation  is  reversed  and  finding  a  parameter  to  within  a  tolerance  ofO.!®/'©  costs  millions 
and  oflcrs  a  savings  of  only  thousands,  then  just  as  clearly  it  is  not  worth  the  effort. 
For  such  a  parameter  a  tolerance  of  5%  might  save  almost  as  much  money  and  cost 
thousands  instead  of  millions.  In  this  case,  the  model's  users  should  be  satisfied  with 
specifying  this  parameter  to  a  tolerance  of  5%.  Four  factors  affect  how  much  a  pa¬ 
rameter  will  impact  the  model's  decision:  parameter  determination,  the  relative  magni¬ 
tude  of  the  parameter,  the  relative  magnitude  of  the  quantity  impacted,  and  the  relative 
lengths  of  the  holding  periods. 

A.  PARAMETER  DETERMINATION 

The  more  the  cost  parameter's  potential  variability,  the  more  the  potential  impact 
on  the  model's  decision.  For  example,  obsolescence  is  probably  the  most  potentially 
variable  parameter  because  of  the  uncertainty  of  the  rate  of  technological  advance. 
Whether  an  item  becomes  obsolete  within  five  years  or  30  years  depends  on  how  fast  its 
technology  advances  and  also  on  the  general  classification  of  the  item  (for  example, 
electronic  components  tend  to  become  obsolete  much  faster  than  electric  components 
which  in  turn  tend  to  become  obsolete  faster  than  mechanical  components.)  In  addition 
to  obsolescence  rates  being  difficult  to  specify  exactly,  they  can  be  expected  to  be  highly 
variable  across  different  classes  of  items.  By  contrast,  the  interest  rate,  while  it  can  vary 
over  periods  of  years,  will  usually  be  relatively  stable  over  shorter  periods  of  time  and 
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across  item  classifications.  The  interest  rate  can  further  usually  be  estimated  with  rea¬ 
sonable  certainty  using  a  benchmark  like  the  treasurj'  bill  rate. 

B.  RELATIVE  MAGNITUDE  OF  THE  COST  RATE  PARAMETER 

The  greater  the  cost  parameter  as  a  fraction  of  the  item's  value,  the  greater  will  be 
its  impact  on  the  model's  decision.  For  example,  if  obsolescence  really  costs  OAQjP  and 
storage  really  costs  O.OIQtP  ,  then  errors  in  the  obsolescence  rate  will  have  ten  times  the 
impact  on  the  model's  decisions  that  errors  in  the  storage  rate  will  have. 

C.  RELATIVE  MAGNITUDE  OF  THE  QUAN'OTY  IMPACTED 

The  greater  the  doUar  value  of  the  quantity  associated  with  the  parameter  (i.e.,  the 
quantity  impacted),  the  greater  will  be  the  impact  of  variations  in  its  associated  cost 
parameter  on  the  model's  decisions.  For  example,  if  the  dollar  value  of  the  termination 
quantity  QjP  is  greater  than  the  dollar  value  of  the  material  returned,  R,  assuming  the 
true  values  of  1  and  O  are  both  equal  to  their  default  values  of  01,  then  the  obsolescence 
of  the  item  will  have  a  greater  impact  on  the  model's  decision  than  will  the  opportunity 
(interest)  cost. 

D.  THE  RELATIVE  LENGTH  OF  THE  HOLDING  PERIOD 

The  greater  the  length  of  the  holding  period  associated  with  a  parameter  relative  to 
the  lengths  of  the  holding  periods  associated  with  other  parameters,  the  greater  will  be 
its  impact  on  the  model's  decision.  For  example,  if  opportunity  cost  holding  periods  are 
typically  one  year  and  obsolescence  cost  holding  periods  are  typically  two  years,  then 
all  other  factors  being  equal,  the  obsolescence  rate  will  have  twice  as  much  impact  on 
the  model's  decision  as  will  the  obsolescence  rate. 

E.  THE  RATE  OF  CHANGE  OVER  THE  RANGE  OF  PARAMETER  VALUES 
The  model  was  tested  for  sensitivity  over  a  range  of  parameter  values  judged  to  be 

reasonable  based  on  the  experience  of  the  author  and  on  the  "latest  information 
[personnel  of  the  Ships  Parts  Control  Center  (SPCC)  Operations  Research  Department 
(Code  0412)]  have  on  the  model"  (Ref;  8).  Table  2  presents  the  model's  default  values 
[Ref:  8]  (the  "base  case"),  except  that,  for  the  purpose  of  this  analysis,  the  inflation  rate 
has  been  set  to  0.  Based  on  the  discussion  in  Section  II.C.3..  the  issue  of  w'hether  to 
include  an  "inflation  factor"  has  been  decided  in  favor  of  no  inflation  factor;  therefore 
no  sensitivity  analysis  will  be  performed  for  this  parameter. 

In  each  case,  the  PCTM  decision  equation  has  been  reduced  to  an  equation  in  two 
variables  using  certain  simplifying  assumptions.  First,  all  holding  periods  have  been  as- 
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sumed  to  be  equal.  While  it  is  clear  that  the  holding  periods  are  not,  in  general,  equal, 
since  all  holding  periods  have  as  their  primary  component  they  should  all  be  similar 
in  legnth,  making  this  a  tenable  assumption  for  analyzing  the  sensitivity  of  the  model  to 
parameter  changes.  Second,  the  termination  amount  has  been  assumed  to  be  equal  to 
one-half  the  contract  price  {QjP  =  CP).  In  other  words,  half  the  material  under 
contract  is  to  be  cancelled.  And  third,  the  contract  is  assumed  to  be  half-finished,  so 
that  CrF=  X  CPa;.7071CP  implies  that  R  =  )  x  CPx.2929CP.  FinaUy, 

administrative  costs,  a  constant,  will  be  assumed  to  be  very  small  in  comparison  to  the 
contract  price,  an  assumption  that  is  normally  a  very  good  one.  These  assumptions 
enable  the  model's  decisions  to  be  expressed  as  a  function  of  both  the  parameter  of  in¬ 
terest  and  the  approximate  holding  period.  The  analysis  in  the  following  three  sections 
will  then  focus  on  the  three  parameters  relevant  to  determining  the  cost  to  continue  for 
the  ranges  of  QrP  and  CTF  specified  above.  In  the  final  section,  sensitivity  analysis  will 
focus  on  variations  in  the  two  important  parameters,  CTF  and  ADM,  of  the  cost  to 
terminate. 


Table  2.  PCTM  "BASE  CASE"  PARAMETER 
^’ALUES 


PaK.;ncter 

Default  Value 

Interest  Rate 

0.10 

Storage  Cost  Rate 

0.01 

Obsole'icence  Rate 

0.10 

Contractor  Termination  Fee 

No  default  value 

.Administrative  Cost 

S2000 

Inflation  Rate 

0.00 

1.  Interest  Rate  and  Holding  Period 

In  accordance  with  the  assumptions  stated  above,  the  PCTM  decision  equation 
was  reduced  to  a  single  equation  with  /  and  FIP  as  the  only  variables  as  follows: 

Costcontinue  =  (^)(-  ^^CP){EP)H.  01)(.  5CP){EP)+{.  10)(.  lCP)m 


=  (.29I-r.Q55){CP)(EP), 
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which  is  compared  to  the  cost  to  terminate: 


terminate  ~  (•  71)(CP)+ADW. 

For  the  model  to  decide  to  continue  the  contract,  for  example,  w'e  must  have 

(.  297+.  QSS)[CP){HP)  <  (.  ll){CP)+ADn. 


This  is  equivalent  to 
(.297+.055)(^^?H.71)<^. 

Now  suppose  that  the  final  assumption  above  is  true;  that  is,  administrative  costs  are 

ADM 

ver}‘  small  compared  to  the  contract  price  so  that  ~  --y-  a:0.  Then  this  last  inequality 
reduces  further  to  the  following: 

(.  29J+.  055i(^'P)-(.  71)<  0. 

At  the  point  where  the  model  is  indifferent  between  continuation  and  termination,  the 
following  equality  must  therefore  hold: 

(.  297+.  055)(^?)-(.  71)  =  0. 


Using  this  equation,  1  can  be  expressed  as  a  function  of  the  holding  period  as  follows: 


7  = 


2.45 

HP 


19. 


This  indifference  equality  will  be  used  below  to  compare  the  relative  sensitivity  of  the 
model's  decision  with  respect  to  changes  in  the  continuation  parameters. 

2.  Storage  Cost  Rate  and  Holding  Period 

As  was  done  with  interest  rate  in  the  above  section,  the  PCT.M  decision 
equation  was  reduced  to  a  single  equation  with  S  and  HP  as  the  only  variables  as  fol¬ 
lows: 
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continue  =  (•  !)(•  1^CP){HP)+(S){.  SCP)(EP)H.  1)(.  5CP){HP) 

=  (.55+.079)(d7P}(^P>, 

which  is  compared  to  the  cost  to  terminate: 

=  (.  71){CP)+ADM. 

For  the  model  to  decide  to  continue  the  contract,  for  example,  we  must  have 

C0Sl„„,miit  —  t)r 

(.  5S+.  079){CP)(ffP)  <  (.  71){CP)+ADM. 

This  is  equivalent  to 

{,5S+,O790P,-(-n)<^. 

Now  suppose,  as  in  the  section  on  interest  rate  above,  that  administrative  costs  are  ver\’ 
small  compared  to  the  contract  price  so  that  s;0.  Then  this  last  inequality  re¬ 

duces  further  to  the  following; 


(.  5S-r.079}(EP)-(.71}<0. 


At  the  point  where  the  model  is  indifferent  between  continuation  and  termination,  the 
following  equality  must  therefore  hold: 

(.5S+.079)(nP}-{.71)  =  0. 


Using  this  equation,  S  can  be  expressed  as  a  function  of  the  holding  period  as  follows: 


c  1. 42 


16. 
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This  indifTerence  equality  will  be  used  below  to  compare  the  relative  sensitivity  of  the 
model's  decision  with  respect  to  changes  in  the  continuation  parameters. 

3.  Obsolescence  Rate  and  Holding  Period 

As  in  the  two  sections  above,  the  PCTM  decision  equation  was  reduced  to  a 
single  equation  with  0  and  HP  as  the  only  variables  as  follows: 

C°s^continue  =  (•  !)(•  29CP)(A^/>)+(.  01)(.  5i7P)(i7?)+{(?)(.  5CP)(EP) 

=  (.  50+.  034)(OP)(ffP), 

which  is  compared  to  the  cost  to  terminate: 
terminate  =  (•  71)(0P)+iiZ)W. 

For  the  model  to  decide  to  continue  the  contract,  for  example,  we  must  have 

or 

(.  50+ .  03U)(CP){HP)  <  (.  71)(CP)+ADH. 

This  is  equivalent  to 
(.50+.034;(PP)-(.  71)<^. 

Now  suppose,  as  in  the  sections  above,  that  administrative  costs  are  ver>’  small  com¬ 
pared  to  the  contract  price  so  that  Then  this  last  inequality  reduces  further 

to  the  following: 

(.  50+.  ^3U){HP)-(.  71)  <  0. 

At  the  point  where  the  model  is  indifferent  between  continuation  and  termination,  the 
following  equality  must  therefore  hold; 

(.  50+.  034)(PP)-(.  71)  =  0. 
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Using  this  equation,  0  can  be  expressed  as  a  function  of  the  holding  period  as  follows: 


0  = 


1.42 

HP 


07. 


This  indifference  equality  will  be  used  below  to  compare  the  relative  sensitivity  of  the 
model's  decision  with  respect  to  changes  in  the  continuation  parameters. 

4.  Comparison  of  the  Sensitivity  of  the  Model  Over  a  Range  of  HP  Values 

Figure  5,  W'hich  show's  the  indifference  curves  for  1,  S,  and  O  plotted  together, 
illustrates  the  importance  of  the  rate  of  change  of  the  PCTM's  decision  over  a  range  of 
the  HP  values.  In  this  figure,  the  areas  beneath  and  to  the  left  of  each  curve  represent 
decisions  to  continue  the  contract,  and  areas  above  and  to  the  right  of  the  curve  repre¬ 
sent  decisions  to  terminate  the  contract.  In  Figure  5,  the  curve  for  I  assumes  S  and  O 
are  held  constant  at  .01  and  .10,  respectively,  the  curve  for  S  assumes  I  and  O  are  both 
held  constant  at  .10,  and  the  curve  for  O  assumes  I  and  S  are  held  constant  at  .10  and 
.01,  respectively. 

Figure  5  clearly  show’s  that  for  small  values  of  HP  and  I,  changes  in  I  have  little 

impact  relative  to  S  and  O  on  the  model's  decision.  In  fact,  for  values  of  HP  of  less  than 

2  4^ 

5.6  years,  I  w’ould  have  to  exceed  .25  (since,  from  above,  7  =  -——-.19  means  that 
04^  2  4^ 

HP  =  and  therefore  i/Py  =  »5.6)  to  change  the  model's  decision  from 

continue  to  terminate.  This,  in  effect,  means  the  model's  decision  is  fixed  at  "continue" 
for  holding  periods  of  less  than  5.6  years.  By  comparison,  similar  analysis  for  S  and  O 
shows  that  for  values  of  HP  of  less  than  3.5  and  4.4  years,  respectively,  S  and  O  would 

have  to  exceed  .25  to  change  the  model's  decision  from  continue  to  terminate. 

0  45  1  4')  , 

At  HP  =  S.6  (since  at  that  point,  1=0  means  •'T;'b'~-^9=  -.07  and 

'>  4S— 1  4’’  Hr  H 1 

therefore  HP  =  ■  ~8.6),  the  curve  drops  below  the  O  curve.  Below  this  inter¬ 

section,  for  a  given  HP,  whatever  change  in  O  is  required  to  change  the  model's  decision 
from  continue  to  terminate,  a  smaller  change  in  I  is  required  to  have  the  same  effect  on 
the  decision.  Ultimately,  for  holding  periods  of  greater  than  12.9  years,  the  interest  rate 
would  have  to  be  negative  to  cause  the  model  to  make  a  decision  to  continue,  which  in 
effect  means  the  model's  decision  is  fixed  at  terminate  for  holding  periods  of  greater  than 
12.9  years.  For  S  and  0,  for  holding  periods  of  8.9  and  20.3  years,  respectively,  the  rates 
would  have  to  be  negative  to  cause  the  model  to  decide  to  continue  the  contract.  In 
between  the  two  extremes  where  the  model  will  always  decide  to  continue  and  w'here  it 
will  always  decide  to  terminate,  the  faster  the  rate  of  change  of  the  parameter  with  re- 
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spect  to  HP,  the  less  likely  changes  in  that  parameter  are  to  affect  the  model's  decision, 
because  the  indifference  equation  itself  changes  more  quickly. 

In  view  of  the  above  discussion,  it  seems  that  because  I  changes  faster  with  re¬ 
spect  to  HP,  the  model's  decision  will  be  more  likely  to  be  fixed  for  extreme  values  of  I 
than  it  will  for  these  extreme  values  of  S  and  O.  It  also  seems  that  for  values  of  HP  (5.6 
to  12.9  years)  that  fall  within  the  reasonable  range  of  I  (0  to  .25),  a  given  change  in  I  is 
more  likely  to  change  the  model's  decision  from  continue  to  terminate  (or  vice  versa)  as 
the  holding  period  increases.  The  smaller  the  difference  in  years  between  one  fixed  de¬ 
cision  area  to  the  other  (for  example,  8.9-3.5  =  5.4  years  for  S,  the  smallest  difference), 
the  less  sensitive  the  model's  decision  will  be  to  changes  in  that  parameter.  Viewed 
graphically,  this  is  the  same  as  saying  that  the  steeper  the  curve,  the  less  changes  in  I, 
S,  or  O,  being  vertical  changes,  will  be  likely  to  change  the  decision  from  the  continue 
area  to  the  terminate  area,  and  once  the  curve  is  in  a  fixed  decision  area,  changes  in  the 
parameter  will  no  longer  have  any  impact  at  all  on  the  model's  decision.  Therefore,  the 
faster  the  rate  of  change  parameters  have  with  respect  to  HP,  the  less  impact  they  will  have 
on  the  model's  decision. 

For  this  particular  example,  an  analysis  of  the  rate  of  change  of  the  parameters 
with  respect  to  holding  periods  shows  and  «  '~h^' 

general,  the  rate  of  change  of  the  model's  decision  with  respect  to  the  parameters  can 
be  derived,  by  considering  the  point  at  which  we  are  indifferent  between  continuing  and 
terminating  the  contract,  as  follows: 

{I)[R)\HP)+{S+0)\QjP)[HP)-CTF  =  0 

which  implies  (after  dividing  both  sides  of  the  equation  by  CP  and  replacing  R  ly  the 
difference  CP—CTF) 


CTF 


which,  in  turn,  means 
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I.S.  AND  O  (PERCENT  PER  YEAR) 

05  0.10  0.15  0.20  0.25 


INDIFFERENCE  CURVES 
Q=0.5CP,  CTF-0.71CP 


Figure  5.  Indifference  cunes  for  I,  S,  and  O.  <2r  =  0.5 CP,  CrF=  0.71  CP  . 
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CTF 
CP 

CTF  CTF 

CP  _  CP-CTF 

HP^  HP^ 

Using  a  similar  analysis  for  S  and  O  gives  the  followng  formulas  for  the  rates  of  change 
with  respect  to  HP: 

CTF 

oS  50  CP 

dHP  oHP  ~  Qj<P 

CP 

HP"^ 

So  in  general,  I  will  have  a  faster  rate  of  change  with  respect  to  the  holding  periods 
whenever 

CTF  ^  CTF 
{CP-CTF)FP'^  QtP{KP)'^ 

or 

QjP^CTF  >  CP. 

Therefore,  if  the  total  of  the  value  of  the  termination  quantity  plus  the  contractor  ter¬ 
mination  fees  is  greater  than  the  original  contract  price,  changes  in  I  will  be  less  likely 
to  alfect  the  decision  of  the  model  than  changes  in  S  and  O,  simply  because,  as  discussed 
above,  the  model's  decision  with  respect  to  changes  in  I  is  more  likely  to  be  fixed  at  the 
extremes  and  its  indifference  curve  steeper  in  between  the  extremes. 

5,  Sensitivity  of  the  Model's  Decisions  to  Changes  in  Contractor  Termination  Fees 
Over  a  Range  of  HP  Values 

To  assess  the  sensitivity  of  the  model's  decision  to  changes  in  CTF,  we  will  re¬ 
tain  the  assumption  that  ~0.  At  the  point  of  indifference  between  termination 

and  continuation,  we  have  the  following  relation: 


CTF 

EP'^ 
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> 

CTF  =  (I){pP-CTF){HP)^S+0)(Qj  x  P){flP) 

which  yields  the  following  expression  for  contractor  termination  fee  as  a  fraction  of 
contract  price  (the  actual  model  parameter); 

CP  IHI)(HP) 

CTF 

Therefore,  the  rate  of  change  of  ■  ■  with  respect  to  holding  periods  can  be  expressed 

as  follows: 


'CTF 

CP 

oHP 


[l+(ATj(/)]2 


Comparing  this  expression  with  the  expressions  derived  in  the  previous  section  for  the 

rates  of  change  of  I,  S,  and  O  with  respect  to  HP,  it  is  easy  to  see  that  the  rate  of  change 

of  Cir  is  higher  for  holding  periods  that  are  longer  than  a  certain  "breakpoint"  holding 

period  and  also  that  the  rate  of  change  of  CTF  is  smaller  for  holding  periods  that  are 

shorter  than  that  breakpoint  holding  period.  To  see  this,  note  that  the  numerator  of  all 

four  expressions  is  some  fraction,  while  the  denominator  of  the  expressions  for  the  rates 

of  change  of  1,  S.  and  O  is  the  holding  period  squared.  By  contrast,  the  denominator 

of  the  expression  for  the  rate  of  change  of  the  fraction  ■  is  the  constant  1,  plus  the 

fraction  1  of  the  holding  period,  squared.  Since  the  denominator  for  the  rate  of  change 
CTF 

of  ~'qp~  is  therefore  clearly  much  smaller  than  the  denominators  of  the  other  ex¬ 
pressions  (for  holding  periods  greater  than  the  breakpoint),  and  since  the  numerators 
of  all  four  expressions  are  approximately  the  same,  the  rate  of  change  of  the  fraction 
■■  '^p  must  be  greater  for  holding  periods  greater  than  the  breakpoint.  To  estimate  this 
"breakpoint"  holding  period,  we  can  compare  the  expression  for  the  rate  of  change  of 
CTF  with  respect  to  HP  with  the  expression  for  the  rate  of  change  of  I,  the  parameter 
from  the  cost  to  continue  side  of  the  equation  with  the  highest  rate  of  change,  with  re¬ 
spect  to  HP.  Setting  these  two  equations  equal  gives  the  following  result: 
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_CTZ_  3  m-  /+(5+(?)(  % ) 

dl  _  CP-CTF  _  CP  _ _ \  / 

oHP  jjp2  eHP  [l+(^r/>)(j)]2 

which  gives,  using  the  assumptions  above  that  CTF—O.llCP,  Q^P  =  0.5CP  ,  and  I,  S, 
and  O  equal  their  default  values,  the  following  equation: 

2.45  _  .  155 

HP^  (1+.  IHP)^ 

which  can  be  rewritten  as  the  following  quadratic  equation: 

.  lUSbp^-.USHP-7.hS  =  0. 

Solving  using  the  quadratic  formula  and  discarding  th%  negative  root,  we  are  left  with 
the  solution  for  the  "breakpoint"  holding  period  HPxBA  years.  Therefore,  at  least  for 
the  example  case  used  in  previous  sections  where  CTF—O.llCP,  QrP-O.SCP  ,  and  I, 
S.  and  0  equal  0.10,  0.01,  and  0.10,  respectively,  we  can  say  that  for  holding  periods  of 
less  than  6.1  years,  the  rate  of  change  of  CTF  with  respect  to  HP  will  be  less  (and 
probably  much  less  for  relatively  small  values  of  HP)  than  the  comparable  rate  of  change 
of  I,  S  and  O.  We  can  also  say,  based  on  the  discussion  in  section  IV.E.4.,  that  for 
holding  periods  of  less  than  6.1  years,  that  changes  in  the  CTF  will  have  more  impact 
on  the  model's  decisions  than  any  of  the  parameters  on  the  cost  to  continue  side  of  the 
equation. 

6.  Sensitivity  of  the  Model  to  Changes  in  Administrative  Costs  Over  a  Range  of  HP 
Values 

We  now  drop  the  assumption  that  *0  in  order  to  assess  the  sensitivity 

of  the  model's  decisions  to  changes  in  administrative  costs.  The  decision  indifference 
equation  with  administrative  costs  included  is  as  follows  (with  R  =  CP— CTF)'. 

(HP){I){CP-CTF)-i-{S+0)(QxP){HP)-CTF  =  ADM 

ADM 

which  can  be  reduced  to  the  following  expression  for  '  as  a  linear  function  of  HP'. 
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=  (HP){IH(S+0)(^  ^  ). 


From  this  expression  we  can  derive  the  rate  of  change  of  ADM  with  respect  to  HP  as 
follows: 


^  )-,/,(  ^  ^  ).(.,(!-  ^  )  >  0 . 

CTF 

since  ■■  is  presumably  a  fraction  less  than  1  and  all  other  terms  are  known  to  be 
positive.  This  seems  logical,  since  as  the  length  of  the  holding  periods  goes  up,  admin¬ 
istrative  costs  will  be  allowed  to  be  progressively  larger  without  changing  the  decision 
from,  say,  terminate  to  continue.  To  det'  nine  fast  AD.M  changes  with  respect  to 
HP  as  compared  with  the  other  parameters,  using  I  as  an  example,  we  must  compare  the 
(absolute)  rates  of  change  of  the  two  parameters  with  respect  to  HP  as  follows: 


cl 

cKr 


CTF 


HP\CP-CTF) 


m 

CP 

oHP 


This  equation  is  inconclusive  without  assuming  values  for  some  of  the  parameters. 
Letting,  as  in  examples  above,  CTF  =  0.71  CP,  QrP  =  0.5CP  ,  and  I,  S,  and  O  equal  O.IO, 
0.01,  and  0.10,  respectively,  reduces  the  above  equation  to  the  following: 

.345, 

HP^ 

which  implies  that  at  the  value  of  HP  =  2.66  the  slopes  are  equal.  Therefore,  for  this 
example,  for  HP  <  2.66  ,  1  has  a  faster  rate  of  change  and  therefore  AD.M  is  the  more 
influential  parameter. 

7.  Comparison  \Mth  the  Sensitivity  of  the  Author's  Recommended  Model 

An  analysis  of  the  sensitivity  of  the  author's  recommended  PCT.M  to  changes 
in  the  parameters  is  complicated  by  the  nonlinearity  of  the  compound  interest  term  and 
the  fact  that  the  author  recommends  no  holding  periods  (which  were  assumed  to  be 
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eq.'.al  in  the  above  discussion  to  simplify  the  analysis.)  For  example,  the  expression  for 
I  in  terms  of  the  holding  period  is  derived  as  follows,  using  for  the  sake  of  simplicity  the 
continuous  interest  compounding  formula  to  approximate  the  daily  compounding  for¬ 
mula  recommended  in  Chapter  II.  At  the  point  of  indifference,  cost  to  continue  =  cost 
to  terminate: 


which  reduces  to  (since  R  =  CP— CTF) 


=  1+ 


CP-CTF 


Expressing  1  as  a  function  of  HP  gives 


Qt 

j-  )(P) 

CP-CTF 


I  = 


HP 


which  in  turn  gives 


P  CTF-(S-¥0) 
In  1+  — 


JJL 

oHP 


f  Qt 


\ 


D 


Yp)  1 


CP-CTF 


HP^ 


Expressing  S+0  as  a  function  of  HP  gives 


S-hO 


Qt 


xP 
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which  in  turn  gives 


dS  _  W 
oHP  oHP 


RIemi) 


Clearly  with  exoressions  for  I,  S,  and  O  as  complex  as  these,  setting  them  equal 
and  solving  for  individual  parameters  will  not  yield  any  simple  expressions  that  will  be 
useful  in  comparing  the  relative  sensitivities  of  I,  S,  and  O  except  to  say  that  the  indif¬ 
ference  curves  of  S  and  O  will  be  the  same.  However,  it  is  possible  to  compare  the  de¬ 
cisions  of  the  two  models  empirically  using,  for  example,  the  above  assumptions  about 
the  values  of  Qj  and  CTF. 

In  general,  the  author's  model  constrains  continuation  decisions  more  tightly 
and  will  recommend  more  termination  decisions  than  the  current  NAVSUP  PCTM. 
This  can  be  seen  specifically  for  the  above  example,  where  CTF  =0.71  CP, 
Q-^P  =  0.5CP,  and  I,  S,  and  O  equal  0.10,  0.01,  and  0.10,  respectively,  using  certain  sim¬ 
plifying  assumptions  to  place  a  lower  bound  on  the  cost  to  continue  and  an  upper  bound 
on  the  cost  to  terminate. 

a.  The  Increase  in  the  Cost  to  Continue  the  Contract 

The  NAVSUP  PCTM  formula  for  the  cost  to  continue  is  (using  the  above 
assumptions) 

(.  l)[R){HP)+(.  Ql){QjP)[HP)+{.  \)(QfP){HP)  =  (.  019CP)(HP)-¥{.  055CP){nP), 


while  the  author's  recommended  formula  for  the  cost  to  continue  is 


[(^■"  'tk  29^/’+(.  01)(.  5CP)(^  ^  )+(.  1)(.  5CP)(^  ) 

""  ‘tk  29t7P+(.  055CP)^  y 


In  comparing  the  two  formulas,  it  is  clear  that  the  first  term  in  the  author's  recom¬ 
mended  formula,  as  a  compounded  term,  will  be  larger  than  the  first  term  in  the 


47 


NAVSUP  formula.  When  we  are  comparing  last  term  of  the  NAVSUP  formula  to  the 


last  term  of  the 


author's  formula,  we  are  comparii^  (5+0)((2rP)(ff^)  to 
(S+0)((27-^)(  j,  which  reduces  to  comparing  HP  —  7^  to 

Figure  6  below  illustrates  the  limiting  case  for  the  holding  period.  As  was 
noted  near  the  beginning  of  this  chapter,  the  main  component  of  the  holding  period  is 
the  time  to  reach  reorder  level,  7;^..  However,  Tj^  falls  somewhere  in  the  period  between 
now  and  the  expected  time  the  post-termination  quantity  Q-Qt  reaches  the  reorder 
level,  which  is  the  period  of  time  of  length  .  This  implies  that  0  <  Tjfi  ^  ^ 

Now,  the  contract  price  CP  can  be  plausibly  argued  to  be  equal  to  the  dollar  value  of 
the  economic  order  quantity,  Qx  P ,  since  the  economic  order  quantity  is  the  most  likely 
quantity  to  have  been  ordered.  This  means  that,  since  QtP  CP,  Qr  =  '^Q  and 
therefore 


Q-Qt 

D 


Qt 

Therefore,  is  an  upper  limit  on  Tg,i ,  which  is  the  major  component  of  both  HPs  and 
HPc-  So  we  can  conclude  that  the  second  term  of  the  author's  formula  is  at  least  as  big 
as  in  the  NAVSUP  formula  (and  probably  bigger),  so  that,  in  general,  the  cost  to  con¬ 
tinue  calculated  by  the  author's  formula  will  be  bigger  than  that  calculated  by  the 
NAVSUP  formula. 
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Figure  6.  Limiting  case  for  the  liolding  period. 


Tills  result  can  be  extended  to  all  cases  where  Qt>~^Q  by  noting  that  the 
upper  bound  on  T^i  was  —  .  Therefore  its  values,  for  all  "’'H  be  some¬ 

thing  less  that  -77-. 

L)  1 

Lnfortunatclv,  the  analvsis  is  inconclusive  when  QT<~:rQ  since  then  the 

Qt 

upper  bound  on  Tfn  will  be  something  greater  than  -jj-. 

b.  The  Decrease  in  the  Cost  to  Terminate  the  Contract 

On  the  cost  to  terminate  side  of  the  equation,  both  models  use  CTF.  how- 
c\ei  determined,  so  that  the  first  terms  are  identical.  However,  the  author  recommends 


that  imitead  of  using  the  absolute  interest  cost,  the  model  use  a  discounted  interest  cost, 
paiticulaily  for  those  administrative  costs  1  elated  to  reorder,  which  occui  at  some  time 
in  the  future.  These  costs,  as  they  are  discounted,  will  therefore  make  the  cost  to  ter¬ 
minate  in  the  author's  model  smaller. 


c.  The  Result  of  the  Empirical  Comparison 

As  the  author's  model  has  a  greater  cost  to  continue,  at  least  for  cases 
where  ^nd  a  smaller  cost  to  terminate,  the  author's  model  will  result  in  ter¬ 

mination  for  more  contracts  than  will  the  NAVSUI’  PC  TM. 


The  above  analysis  did  not  take  into  account  any  "inflationary"  costs. 
Should  such  costs  be  taken  into  account  in  the  NAVSUP  PC'fM,  they  will  probably 
cause  its  cost  to  tciminatc  to  be  greater  than  the  cost  to  terminate  of  the  author's  model. 
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However,  as  discussed  in  Section  II.C.3.,  such  costs  are  not  real  costs  and  should  not 
afiect  the  comparison  between  the  models'  decisions  in  any  way. 
d.  The  Graphical  Comparison  Between  the  Models 

Figure  7  below  illustrates  graphically  a  comparison  between  the  I  versus 
HP  indiflerence  curves  for  the  NAVSUP  PCTM  and  the  author's  model.  The  curve  la¬ 
belled  "NAVSUP  PCTM"  is  the  curve  labelled  "I"  in  Figure  5  repeated,  and  the  curve 
labelled  "Author's  PCTM"  used  the  formula  derived  as  follows.  Repeating  the  ex¬ 
pression  for  I  from  the  beginning  of  this  section  in  terms  of  HP  and  dividing  through 
by  CP  to  convert  the  key  parameters  to  fractions  of  CP,  we  have  the  following  ex¬ 
pression  for  1: 


After  substituting  the  parameter  values  CTF=  .71  CP  ,  QtP-  .5CP,  1,  S,  and  O  equal 
.10,  .01,  and  .10  respectively,  and,  in  accordance  with  the  discussion  above,  -^=  12,  so 
that  0<  HP  ^  we  get  the  following  expression  for  I  as  a  function  of  HP: 


J  = 


In  1+ 


.  71-(.  11)(.  5)(12)  1 
.  29  J 
HP 


i 


which,  in  turn,  reduces  to  the  following: 


I 


.  16 
HP  ' 


As  in  Figure  5,  the  areas  above  and  to  the  left  of  the  curve  represent  decisions  to  con¬ 
tinue,  and  the  areas  above  and  to  the  right  represent  decisions  to  terminate.  From  Fig¬ 
ure  7  it  can  be  seen  that,  as  discussed  above,  while  0  ^  HP  ^  the  author's  model 
will  terminate  more  often,  but  as  HP  approaches  the  decisions  of  the  two  models 
converge. 

A  similar  analysis  can  be  performed  to  show  that  for  a  holding  period  less 
than  the  indifference  curves  for  S  and  O  in  the  author's  model  will  always  lie  below 
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I  (PER  CENT  PER  YEAR) 

0.05  0.10  0.15  0.20 


INDIFFERENCE  CURVES  FOR  I  VS.  HP 

PCTM  VS.  AUTHOR'S  MODEL 


Qt 

Figure  7.  Indifference  cunes  fo:  I.  Qj-=  0.5CP,  CTF=OJ\CP,—j^ 
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the  corresponding  indifTerence  curves  from  the  N'AVSUP  PCTM.  The  author's  model, 

using  the  values  C7F=0.71C?,  Q^-P  =  0.5CP,  and  I  and  O  equal  to  0.10.,  yields  the 

following  expression  for  the  point  at  which  w'e  are  indifferent  between  continuation  and 

Or 

termination  as  a  function  of  S  and 
•029/+.5s(-^)+-f  (■f-)-.71  =  0. 

Solving  for  S  gives 

.7i-.029yp-.05f 


This  can  be  compared  to  the  expression  for  S  as  a  function  of  HP  derived  above  in  sec¬ 
tion  2  (which  is  repeated  in  slightly  altered  form  for  easy  comparison  with  the  above 
expression): 

.  71-.  029yp-.  osyp 
.  05h'P 

Or  Qt 

Thus,  when  HP  <  ■—  and  is  constant,  the  indifference  expression  for  S  in  the  au¬ 
thor's  model  is  linear  in  HP  with  a  negative  slope  and  always  lies  below  the  curve  derived 
from  the  expression  for  S  using  the  NAVSUP  PCTM.  A  similar  analysis  for  O  shows 
the  same  result. 

Many  comparisons  are  possible  varx'ing  the  key  parameters  over  a  wide 
range  of  values.  However,  the  basic  results  will  not  change;  that  is,  the  models  will 
continue  and  ternunate  contracts  at  different  rates  depending  on  the  length  of  the  hold¬ 
ing  periods. 

F.  CONCLUSION 

Based  on  considerations  presented  in  the  preceding  five  sections,  the  author  believes 
parameter  research  should  be  prioritized  as  follows,  regardless  of  which  model  is  used: 


« 
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1. 

2. 

3. 

4. 

5. 


Contractor  Termination  Fee  formula 
Administrative  Costs  ADM; 

Obsolescence  rate  0; 

Storage  rate  S; 

Interest  rate  I. 


^PDLTe 
PDLT  ’ 


Parameters  are  recommended  for  research  in  the  order  they  induce  change  in  the  model's 
decision,  which,  in  accordance  with  the  above  discussion,  is  inversely  proportional  to  the 
rate  of  change  of  their  indifference  curves  with  respect  to  holding  periods. 


V.  SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 


A.  SUMMARY 

This  thesis  has  analyzed  the  current  NAVSUP  Procurement  Contract  Termination 
Model  (PCTM)  using  the  principles  of  economic  analysis  and  inventor}'  management. 
Five  of  the  model's  six  terms  were  recommended  for  modification  based  on  the  analysis, 
while  the  sixth  term,  the  cost  to  reprocure  due  to  inflation,  was  recommended  for  de¬ 
letion  from  the  model  based  on  the  principles  of  economics.  The  cost  to  repair  was 
formulated  for  comparison  with  the  cost  to  continue,  and  continuation  was  recom¬ 
mended  whenever  the  cost  to  repair  was  greater  than  the  cost  to  continue. 
Government-furnished  material  was  recommended  for  consideration  as  an  alternative  to 
termination,  and  a  formula  was  derived  to  aid  in  that  analysis.  The  model  was  tested  for 
sensitivity  to  variations  in  key  parameters,  concluding  with  a  prioritized  list  recom¬ 
mending  future  research.  And  finally,  decision  sensitivity  of  the  current  NAVSUP 
PCTM  was  compared  to  the  sensitivity  of  the  author's  recommended  model,  where  it 
was  determined  that  the  author's  model  decides  to  terminate  a  greater  number  of  con¬ 
tracts  under  a  wide  range  of  common  parameter  values. 

B.  CONCLUSIONS 

The  NAVSUP  PCTM  is  a  good  start  in  quantifying  the  costs  associated  with  ter¬ 
minating  procurement  contracts  for  items  in  long  supply.  It  takes  a  first  step  toward 
eliminating  a  problem  that  has  been  with  the  Nav}'  for  a  long  time.  The  model  considers 
most  of  the  relevant  costs  and  excludes  most  that  are  not  relevant.  It  also  calculates  the 
costs  over  the  exact  periods  of  time  that  are  applicable  for  calculating  such  costs.  The 
model  in  its  present  form  would  give  ICP  inventor}'  managers  and  contracting  officers 


54 


good  guidance,  much  better  than  they  currently  have,  as  to  which  contracts  are  cost- 
efiefctive  to  terminate. 

However,  the  model  in  its  current  form  needs  a  number  of  improvements.  First,  the 
time  value  of  money  should  be  taken  into  account  correctly  both  using  a  compound  in¬ 
terest  formula  for  the  investment  cost  to  continue  the  contract  and  using  a  discount 
formula  for  the  administrative  cost  to  reorder  in  the  future.  These  were  discussed  in 
sections  II.B.l.  and  II.C.2.,  respectively.  Second,  the  NAVSUP  PCTM  does  not  cor¬ 
rectly  take  into  consideration  the  full  inventor}’  cycle  when  computing  both  the  storage 
cost  and  the  obsolescence  cost  components  of  the  cost  to  continue  the  contract,  as  dis¬ 
cussed  in  sections  1I.B.2.  and  1I.B.3.  Third,  it  includes  as  a  relevant  cost  the  rate  of  in¬ 
flation.  As  was  demonstrated  in  Chapter  II.B.2,  the  inflation  rate  is  irrelevant  for  the 
already  present-valued  costs  of  termination.  Fourth,  as  shown  in  Chapter  lll.B.,  it  does 
not  consider  the  future  cost  to  repair  an  item  as  a  savings  from  the  cost  of  continuing 
an  outstanding  contract.  Finally,  as  shown  in  Chapter  III.C.,  the  PCTM  does  not 
consider  the  possibility  of  using  long-supply  material  as  GFM  on  other  contracts  such 
as  production  contracts  as  an  alternative  to  termination.  Each  of  these  improvements 
is  suggested  in  an  attempt  to  include  any  and  all  relevant  costs  and  to  exclude  any  and 
all  irrelevant  costs.  Effecting  these  improvements  should  make  the  NAVSUP  PCTM  a 
much  more  accurate  tool  for  use  by  I  CP  inventory  managers  and  contracting  oflicers 
and  will  make  it  capable  of  realizing  the  potential  savings  recognized  by  government 
auditors  for  many  years. 

Results  of  the  sensitivity  analysis  of  Chapter  IV  reveal  that  certain  of  the  model's 
cost  parameters  are  indeed  more  important  and  influential  in  its  decision  recommen¬ 
dations.  Concentrating  future  research  on  the  key  parameters  in  the  order  of  most  in¬ 
fluential  to  least  influential  to  determine  more  precise  values  should  also  go  a  long  way 
toward  making  the  XAVSUP  PCTM  a  more  accurate  tool. 
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C.  RECOMMEjNDATIONS 


In  view  of  the  findings  of  this  thesis,  as  summarized  above,  it  is  clear  that  any  and 
all  relevant  costs  must  be  included  in  the  model  and  any  and  all  irrelevant  costs  must 
be  excluded.  Therefore,  the  following  model  is  recommended  for  use  in  deciding  contract 
terminations: 


w’hich  can  be  compared  to 


terminate  - 


_ m _ 


In  addition,  any  savings  from  using  material  in  long  supply  as  GFM  on  other,  pro¬ 
duction  contracts  must  be  included  as  savings  from  the  cost  to  continue  the  contract. 
Therefore,  when  material  is  identified  as  being  usable  as  government-furnished  material 
on  anotlier  contract,  R,  Or,  and  the  cost  to  terminate  the  contract  should  be  modified 
as  shown  in  Section  I11.C.2.  above  to  incorporate  the  additional  costs  into  the  formula. 

Finally,  for  repairable  items,  the  cost  to  repair,  Q  x  min[(2r)  !2J  should  be  com¬ 
pared  to  the  cost  to  continue  the  contract.  If  the  cost  to  repair  is  greater  than  the  cost 
to  continue,  the  contract  should  be  continued  whatever  the  cost  to  terminate. 

But  making  the  PCTM  an  accurate  tool  also  depends  on  determining  more  precise 
values  for  key  cost  parameters.  It  is  therefore  also  recommended  that  research  be  con¬ 
ducted  as  soon  as  possible  as  detailed  in  the  paragraph  concluding  Chapter  IV. 
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